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ABSTRACT
STORMWATER INFRASTRUCTURE OPTIMIZATION 
ON CONJUNCTIVE IMPROVEMENTS
Mohammad H. Shar 
Old Dominion University, 2014 
Director: Dr. Jaewan Yoon
The studied drainage system is located in the downtown o f the City o f Newport 
News, in a basin known as Anderson Park. The drainage system collects and conveys 
rainfall runoffs to the system outfall located at the shoreline of the Hampton Roads body 
of water, which is located south of the study area. The aim of this study is to analyze the 
area’s drainage system, determine maximum capacities, identify system deficiencies and 
generate the most possible, practical and economical solution for fixing the system 
deficiencies.
After collecting all o f required data, the drainage system was modeled and 
calibrated using the recorded rainfall data of October 9th, 2013 and the measured water­
mark elevations at the selected junctions. The methods used for estimating probability 
distributions of the recorded rainfall frequency were Hazen, Weibull, Gringorten, and 
Sevruk & Geiger; and the Weibull method was used for the system analysis. However, 
the City’s requirement is for all drainage systems, residential and commercial, to handle 
NOAA’s 10-yr storm, which is the accumulation of 5 to 6 inches in 24-hour duration.
For the purpose of this study to include loss analysis, storm return periods from 
10- to 500-yrs were listed and ranked to their rainfall depths and the associated damage 
values. To determine the severe cost o f the drainage system improvement, the system was 
subjected to Weibull 100-yr storm.
This study tried to improve the drainage system by increasing pipe sizes to the 
minimum possible diameter that the system can handle the Weibull 10-yr storm flow 
without experiencing flooding anywhere along the system pipeline. For this purpose, the 
technique of optimization was utilized to perform pipe-area changes and to keep HGLs at 
or below structure rim elevations. Four improvement case scenarios were created at the 
targeted area along the drainage system where all branches merge together.
Finally, the selected case scenario 4 at $1,379,500 appeared to be the most 
practical, economical and optimal case scenario for this area’s system improvements.
Copyright, 2014, by Mohammad H. Shar, All Rights Reserved
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PROJECT GOALS AND OBJECTIVES
Problem Statement
For any project analysis, whether practical or theoretical, the statement o f the 
problem is considered a main part o f it, and it shall be clearly identified and stated in 
order for the analysis to achieve the targeted purposes. For the area studied in this report, 
there are two different types of problems, one is related to the roadway surface conditions 
and the other is related to the existing drainage system capacity problem. The roadway 
surface problem consists o f cracking and minor dipping conditions along the roadway 
and at certain locations. This problem can be solved, eliminated or corrected by doing as 
needed maintenance services.
The focus of the study will be on the area’s system drainage capacity problem 
rather than the roadway surface problem, although the two problems are indirectly 
related. The system drainage capacity problem is related to the deficiencies and under 
sized existing system elements that causes flooding at some areas along the study area. 
The volume and area of flooding depends on the significance of the rainfall storms. Flood 
is defined as the excess amount o f water that ponds above junction structures for a period 
of time; then it will be reintroduced to the drainage system when the storm is gone or 
decreases to less than the flooding intensity.
Generally speaking, when the drainage system receives rainfall runoff from its 
sub-catchment areas, water flow elevation would rise in the piping system from bottom 
lines and up to crown elevations, and then further up to rim elevations at the structure 
access points. This flow elevation in the closed drainage system is known as the 
Hydraulic Grade Line (HGL). As long as the water flow elevations, HGL, stays in the 
distance between junctions invert and rim elevation, the system performance is 
considered satisfactory. Otherwise, if  HGL rose above junction rim elevation, the system 
performance considered unsatisfactory, and then flooding will occur.
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Therefore, the goal of this study is to determine the maximum capacity o f the 
area’s drainage system, identify the storm that initiates system flooding, determine 
spatiotemporal system deficiencies, establish case scenarios for addressing and 
improving system deficiencies, and identify the optimal case scenario that solves or 
corrects the system economically and practically.
To state this problem in more detail, the problem is broken down into smaller sub­
problems. Each of these sub-problems will be explained with more detail in other parts of 
this study.
1. Collecting enough data to properly characterize the physical parameters o f the 
drainage system.
2. Commencing frequency analysis of the local rainfall data, characterizing storm 
intensities and determining the capacity o f the system.
3. Determining the storm thresholds that initiate and significantly flood the system.
4. Establishing historical damage analysis o f the area due to rainfall storm events.
5. Identified the factors or system elements that caused the system to flood under the 
required design storm and establishing a practical and economical case 
improvement-scenario to solve the problem.
6. Performing further analyses to compare the impact o f the design storm with the 
impact of other more significant storms and evaluating the level o f multi­
objective improvement costs of each case.
7. Comparing storm events, cost of system improvement and damage/loss analysis 
together and determining the practical, economical and ideal case scenario. The 
ideal case scenario will upgrade the existing system to meet the City’s required 
design range standards more practically and economically.
Project Goals
1. Determine functionality, efficiency and deficiency of the existing stormwater 
system.
2. Determine and verify the storm limit that the system can handle.
3. Analyze local historical rainfall frequencies.
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4. Rating and investigating of the historical rainfall storms that were impacted the 
region including the area of this study.
5. Identify weak points o f the drainage system that causes the system not to handle 
the standard storm rainfall intensity.
6. Propose case scenarios for system improvements.
7. Determine the optimal case scenario that improves the efficiency of drainage 
system in more practical and economical ways.
Project Objectives
1. Understand and apply the fundamental and advanced tools, and the technical 
methods of civil engineering hydraulic and hydrology.
2. Develop knowledge of concepts and methods in civil engineering and use most of 
the available data and resources.
3. Perform conceptual planning, design, and scheduling of system problems.
4. Establish knowledge of assessing and resolving technical, management and 
application of project improvements.
5. Show capabilities in analyses, designs, evaluations, assessments and selection of 
optimal solution of project problems.
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CHAPTER II 
INTRODUCTION AND LITRATRUE REVIEW
Introduction
Water is one of the major elements that affect and sustain life o f human beings 
and other creatures on the earth; without water life would be different from what we see 
today. Water is contained in oceans, seas, lakes, ponds, rivers, streams, wells, and 
springs. Water goes through the hydrological cycle from earth to sky through evaporation 
as steam then back to earth through rain (liquid) or snow/hails (hard). The balance of this 
hydrologic cycle is regulated by Mother Nature.
Humanity and civilization was started around areas where water exists, 
considering it a main source of life. There are long stories between the two; regardless of 
having some kind of negative impacts or conflicts. Negative impacts from water to 
human life were initiated from rising water levels that inter into the human’s property, 
like what we see of flooding during hurricanes, significant rainfall storms, tsunamis and 
tomedos. Those natural disasters caused human deaths, lessening quality o f health, and 
damage to properties. The rate o f impact depends on the severity o f the event. The larger 
the severity, the more impact and damage there will be. Throughout time, people have 
learned skills and experiences on how to protect themselves against the natural disasters 
and minimize or limit their level o f impacts.
Obviously, the impacts o f natural disasters on people’s lives were more major at 
the earlier stages of civilization than we see now; assuming event severity stayed the 
same. The damage rate o f the natural disasters on human’s property is more costly now 
than earlier, and this is due to existence of more valuable man-made structures than there 
were before. However, still there are situations and events that people have a limited 
ability to control, as in cases of tsunami, volcano, earth slides, and significant hurricanes.
Thus, water would sustain and destroy lives, but sustainability was selected 
overall, since water is the only element that people use and need on a daily basis for 
reaching their tasks.
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Furthermore, besides having negative impacts o f water’s actions; there are 
negative impacts from people onto water, as we do see people dumping factory waste 
into rivers and streams without performing proper treatments, destroying shorelines 
without proper restoration, and other human activities that causes transferring of 
sediments and soils from land toward water. All o f these human activities would impact 
the quality o f water and result in creation o f pollution and partial damage to the aquatic 
life habitats.
Most of the time, natural disasters create losses and damages to human lives, their 
properties and natural life habitats. Severe storm rainfalls could be considered as natural 
disasters to some extent, which causes major inundation and loss o f property. Rainfall 
flows could negatively impact property values and life environment if  not managed well.
People started constructing simple structures on rivers and canals at narrow areas 
to manage access and communicate with other sides o f the waterway. They also worked 
hard to develop and improve those structures to function well during significant storms 
and save property values. Those hydraulic structures were specifically designed and 
developed to better service their purposes, as we see in construction of culverts, bridges, 
levees, dams, tunnels and weirs.
In this study, the main focus is stormwater management in urban areas and the 
drainage systems used to handle the area’s rainfall runoffs. Rainfall runoffs are the excess 
quantity of rainwater that sheet flows over land toward low areas to a certain distance, 
which then gets more concentrated and channelized to the outfall areas. The drainage 
channel flows get deeper and larger as they go to downstream, due to carrying more 
volume of water. Drainage systems could be open, closed, or the combination of both, 
and must be properly designed and constructed in order to satisfy the proposed services. 
This research study is discussing the capacity o f an existing drainage system under 
certain storm events and determining the best method for enhancing and improving the 
system capacity.
Project Introduction
The study area is located in downtown of the City o f Newport News, Virginia, and 
the area is heavily developed and contains residential, commercial and recreational units.
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In comparison with other parts o f the City, this area has more impervious areas and is 
more intensely developed. The area is served by an existing drainage system that is under 
tidal influence for most portions o f the system. The area’s type of drainage system is 
gravity, underground and closed type of system. The general purposes o f constructing 
underground drainage systems are:
1. Minimizing surface runoff,
2. Better management of stormwater,
3. Less impact of flooding on the adjacent areas,
4. More land development.
5. Safety and better quality o f life.
1 Some disadvantages of closed drainage system are:
1. Limited capacity,
2. Cost ineffectiveness in case o f retrofitting and/or replacement,
3. High maintenance and conflict with other existing utilities.
Runoff volume increases along the system line as it goes toward downstream. As the 
flow increases in the system, the system conduit lines need to be increased as well to 
accommodate the additional flow; otherwise chocking or flooding will happen 
somewhere along the drainage system. Flooding would happen whenever the system is 
subjected to a rainfall that is heavier than its design storm.
The system capacity depends on two different sets o f physical parameters; one is 
related to the hydraulic piping system configuration, such as pipe size, length, slope, 
depth and roughness, and condition at the outfall, tidal or not. The second set o f the 
physicaL parameters are related to hydrological sub-catchments, such as area, slope, 
roughness, imperviousness and shape.
This study will focus on drainage system capacity problems, identify factors 
contributing to problems that happen and determine practical and economic ways to 
improve them. Generally speaking, flooding will happen when the system takes flow in 
excess of its design capacity and chokes at access structure(s) where the flow surface 
elevation is higher than the structure’s rim elevation.
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Literature Review
Drainage systems are one of the important infra systems that service urban areas 
and would be more useful if their conditions and operations are maintained to the 
required level of services. This report has studied and explored all physical elements of 
the drainage system and used the best available methods and computer programing tools 
to assess and analyze them.
Therefore, for the purpose of enhancing the content of this report subject, this 
section briefly covers some review of other related sources and references. The sources 
reviewed consist of books, journals, papers by others, reports and online information.
. Rainfall Frequency Analysis and Design Storm
Akan and Houghtalen (2003) stated that for analyzing the frequent re-occurrences 
of any area’s historical rainfall data, the data had to be reduced to an annual maximum 
series selected for the desired rainfall duration. Other rainfalls that have longer durations, 
they should be reduced to the desired time, taking into consideration that the shortened 
durations have to cover the peak of the rainfall that usually occurs in the middle o f the 
rainfall duration. After unifying rainfall durations and determining data normality then 
perform probability distribution using available practical methods.
The event’s probability o f occurrences concept described by Raes (2004) starts 
with ranking the obtained rainfall data in a descending pattern. The probabilities 
determined would be the probability o f excedance, and it is assumed that the event’s 
probability o f occurrences would be greater than other rainfall events. Subsequent 
methods used for the probability estimate and analysis were Hazen, Weibull, Gringorton, 
and Sevruk & Geiger.
Savage (2003) applied the empirical rule based on the standard norlam 
distribution theory that all of the data sets that are normally distributed look the same and 
the differences are basically depending on where their centers are located and what width 
of distances or ranges they would cover. Centers are identified by mean (p) of the data set 
and width by the measurement o f standard deviation (a). Standard deviation (o) could be
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considered as one-sixth of the overall distance and at distance ranges of p±c for 68%, 
p±2o for 95%. and fj.±3c for 99% at the system level or at population scale.
As a standard for designing and constructing stormwater systems throughout the 
City of Newport News (DCM, 2002), it is required to use a 10-year storm event (SCS 
Type II, 24-hours Rainfall Distribution with a maximum time increment o f 30 minutes) 
for designing and checking residential, commercial and industrial drainage systems and a 
25-year storm event for culverts structures underneath the primary roadways.
Hypothesis Analysis
HO is used for “null” hypotheses which represent the non-effects o f the stated 
problem, and Ha is used for alternative hypotheses. Ha rejects the “null” hypothesis. 
Usually, the alternative hypothesis (Ha) is the one that the researcher would like to use 
most of the time and expect to be the true case against null hypothesis (HO). Also, there 
are some descriptions about Type I and Type II errors that the researcher could make 
during making decisions of selecting or rejecting “null” hypothesis, HO. Type I errors 
occur when HO is rejected, but then became true upon the completion of the study. Type 
II errors occur when HO is not rejected, but it became false later on (Elliot and 
Woodward, 2007).
Hydraulic Grade Line
At any flow section of a stormwater system, the total energy head represents the 
total energy per unit weight o f flowing water that travels through the conduit o f the 
system. The energy head is the units o f length and is measured vertically from the 
horizontal datum and assumes fluid pressure is hydrostatically distributed to the energy 
grade line. Total energy head consists o f three types of heads, elevation head, flow head 
(pressure head) and velocity head of the flow (Akan and Houghtalen, 2003). The surface 
of water flow represents elevation head and pressure head.
Flow depths in storm piping systems are usually at critical or pressurized 
conditions. So, HGL calculation will be started from the outfall location (downstream 
end) and proceed upstream. At the pipe outfall locations, the tail-water elevation is the 
water surface elevation of downstream channel, and at the junction structures along the 
piping system, the tail-water is the water surface elevation at the junctions. If tail-water 
elevation at the pipe outfall is higher than the pipe crown elevation, then the pipe is 
considered running full and HGL will be set to tail-water elevation. If the tail-water
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elevation at the system outfall is unknown or known but lower than the crown elevation, 
the tail-water elevation will be set to highest o f known water elevation or pipe outfall 
invert elevation plus [(pipe diameter + critical depth)/2].
HGL could go higher than pipe crown elevations at the junction structures and up 
to rim elevations or higher, but higher than rim elevation is unwanted and the system 
considered to be unsatisfactory (DCM, 2002).
Optimization
Every optimization problem has two essential components; one is the objective 
function and the other is a set o f constraints. The objective function describes the 
performance criteria o f the problem manner and constraints describes the process that is 
being designed or analyzed and it could be in the shape o f two forms of constraints, 
which are equality or inequality. In any optimization problem there are feasible solutions, 
feasible regions and optimal solutions. A feasible solution is a set o f values for decision 
variables that simultaneously satisfy the limits of the constraints. A feasible region is the 
area of the feasible solutions defined by the constraints. An optimal solution is a set o f 
values of decision variables that satisfy the constraints and provide an optimal value to 
the problem's objective function. The method o f optimization depends on the type of 
objective function, constraints and number o f decision variables. There are optimization 
problems that do not require researcher to follow all steps in order as mentioned for any 
optimization study, but each step should be addressed in the analysis process. The overall 
purpose of optimization is to determine a set o f values o f decision variables that best 
satisfy the constraints and provide optimal condition to the objective function (Mays and 
Tung, 2002).
Brazilian Journal of Chemical Engineering has reported in one of their prints 
(ISSN 0104-6632), that uses Simulated Annealing for Optimization o f Pipe Networks 
including pumps (Costa, Medeiros, and Pessoa, 2000). In this paper, the Least Cost 
Design (LCD) of the network distribution was utilized to determine how low the LCD 
can go in order for the demanders to get the amount (supplies) they need. This report has
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used the Simulated Annealing (SA) of the available optimization technique for 
determining LCD of the studied piping networks. The approach has explored the discrete 
space of pipe diameters and pump sizes in the design configuration in relation to the 
achievable minimum cost.
It is completely concurrent with the general knowledge of engineering 
management to try to use the best portfolio to select an ideal case on a combination of 
cases to invest in any project in order to attain the most favorable result o f the outcome 
(Luenberger, 1998). At the same time, a value-driven effort shall be used to attain least 
exposure to risk. Therefore, the project investment shall be optimized to maximize profit 
and minimize risk as much as possible.
Researchers have tried to use a computer programed hydraulic modeling tool, 
EPANET, to design and analyze an existing pressurized irrigation network and verify that 
the utilized pump is adequate for the intended purposes (Owusu-Ansah, 2011). In such an 
approach, it was found that the most practical case scenario using optimization 
procedures and constraints between two techniques of measurements. Therefore, in 
addition of using an EPA simulation, also a manual calculation was used. The manual 
calculation provided the least cost scenario but did not represent the optimal case because 
it failed to meet the maximum pressure variations (one of the main constraints), which is 
the system’s Hydraulic Grade Lines. However, the determined cost estimate using 
EPANET simulations was approximately 38% higher than the manual calculated cost 
estimated, but it was considered as an optimal case scenario because it met all the 
constraints required for the system optimization.
Damage Assessment
Most of the significant rainfall storms, tropical storms and hurricanes reported in 
the Virginia Hurricane History (VDEM, 2008) were reviewed and listed with their 
available data. Hurricane histories date back to the 17th and 18th Centuries and the first 
reported historical incident that affected Virginia occurred on August 24, 1635. However, 
the more beneficial data to this study started with Hurricane Hazel, October 15, 1954.
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Hurricane Floyd, in September, 1999 (NN-EOP, 2008), produced a 500-yr storm 
with a rainfall of 16.57 inches and total damage o f 32 million dollars (4 million public 
and 28 million private). Hurricane Isabel produced a rainfall of 3.7 inches and total 
damage of 83 million dollars (31 million public and 52 million private).
Projects could be inherited or exposed to any kind o f risk during construction or 
after construction. Risks can be identified and/or anticipated prior to construction or 
during construction, and risks might be beyond expectations or imagination (Larson and 
Gray, 2011). Risks that can be identified or expected prior or during construction, like 
needs for additional equipment, shortage of material quantities, conflicts with existing 




AREA DESCRIPTION AND DATA COLLECTIONS
Study Area Description
The study area is located in the downtown area o f the City o f Newport News, 
Virginia, and is known as the Anderson Park Basin. The area is bounded from the east by 
Wickham Avenue, south by the Hampton Roads Body o f Water, west by Madison 
Avenue, and north roughly by 33rd/36th Streets, as illustrated in Figure 1. The area is 
heavily developed and consists of residential, some commercial, industrial and 
recreational areas.
I u n t i n 0 l o n
pBinfiBtga
Figure 1: Anderson Park Basin
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Area Statistical Information 
Total site area =219 acres 
Impervious Areas:
Buildings = 65 acres
Paved Areas = 20  acres
Sidewalks = 9 acres
Total Impervious Area = 94 acres 
Imperviousness = 43%
Zoning ID: C l, C2, M l and R1
Landuse: Commercial = 22 units
Residential = 1,191 units
Population, Approx. = 6,000 
The area’s existing drainage system is underground, gravity and closed type o f system, 
which collects rainfall runoffs from approximately 219 acres of land and outfalls to the 
Hampton Roads body of water located at the southern side o f the study area. Generally, 
the area’s drainage system consists of:
1. Approximately 14,400 lineal feet of gravity pipe,
2. Pipe type of material is Reinforced Concrete Pipe, RCP,
3. Pipe sizes range from 21 to 96 inches for the trunk-line between nodes,
4. Pipe shapes are circular for all but one segment, (C-27), which is elliptical,
5. 65 Junction Nodes along the main line, and
6. 87 drop inlet structures connect to the junctions along the mainline. The short run
pipe sizes that connect drop inlets to the junctions range in sizes from 12 to 24
inches.
Other Information:
1. The area is relatively flat and the topographic elevations ranging from 10 to 18 feet
above sea level (1929 NGVD, National Geodetic Vertical Datum),
2. The majority of the site is residential, and intensely developed,
3. Condition at the outfall is tidal,
4. Tidal elevation averages are generally ranging from -0.03 to 2.58 ft, and
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5. The remained undeveloped area is located downstream o f the area. The study 
drainage system is along Marshall Avenue from 36th Street (north) to the outfall 
(south), with receiving two lateral branches from 16th Street and 22nd Street.
The majority o f the study area’s existing infra-structures are relatively old and 
overused to some extent. The drainage system is deep, relatively flat with few reverse 
pipe segments and is tidal for the majority o f the pipeline along Marshall Ave from the 
outfall to Junction 17. Historically, the existing drainage system experiences partial 
flooding along Marshal Avenue during significant rainfall storms of 10-yr and higher 
storms.
Obviously, the flooding volume will increase for storm events exceeding 10-yr 
storms. Based on historical observations and site visits during significant storms, it 
appeared that the area o f flooding is usually located upstream of 16th Street where it 
crosses Marshall Ave, especially at the intersection of 29th Street and Marshall Avenue. 
Other minor problems that were observed along the area’s drainage system are include 
minor cracking of the roadway pavement with uneven or very minor dips (depressions), 
which are periodically repaired and maintained on needed bases.
During flooding, water would rise above junction rim elevation and temporarily 
inundate the surrounding area, including the area behind curb and gutters, and create 
some erosion problems, sinkholes between curbs and concrete sidewalks. These sinkholes 
and erosion spots would lead to percolation of rainwater deeper into the underneath soil 
stratus and create some kind of instability under the pavement section, especially around 
the curb and gutter strips. Eventually, this problem will impact and contribute to the 
integrity and stability of the piping system.
A similar problem was found at the intersection of the Marshall Avenue and 16th 
Street, where the sign of minor cracks and slight depressions were noticed. After an 
investigation of the problem, it appeared that there is a pipe joint slip and a manhole leak 
at the middle of the intersection, Junction 48. The City contractor has fixed this problem 
through performing manhole rehabilitation (Jn 48) and slip-lining the pipe segment 
between Junctions 48 and 32 (C-48). The repaired area (patched) is as shown in the 
picture below.
Data Collection
Data collection consists of gathering and obtaining information of existing 
drainage system elements via under and on-ground measurements. Underground 
measurements include information about pipe sizes, lengths, slopes and depths, and 
access structures invert and rim elevations. On-ground measurements include information 
regarding the sub-catchment areas, slopes, imperviousness and shapes. The primary 
source for obtaining most of the drainage system data was from the City o f Newport 
News’ G1S, Geographical Information System. However, additional efforts were 
performed to obtain other needed data that did not exist within GIS or other City 
resources, such as rain-gage rainfall data at the specific pump stations. These efforts 
included manually collecting actual measurement o f yard drains, as well as curb drop 
inlets, the configuration of nodes at the intersections and obtaining the reference rainfall 
data from the Norfolk International Airport gage.
Data obtained from the City of Newport News’ GIS includes:
1. Pipe size, type of material and approximate length,
2. Structures invert and rim elevations,
3. Layout o f the existing storm system, with minor modifications in the model 
drainage system layout, and
4. Junction sub-basin areas, slopes and shapes.
Measurement Limitations and Assumptions:
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1. Unknown invert elevations o f a few inaccessible drainage structures were 
determined from the interpolation of other structures’ data that are located 
upstream and downstream of unknown structures.
2. Unknown rim elevations o f a few drainage structures were determined from 
interpolation of adjacent known structures with reference to the available contour 
line elevations.
3. Node sub catchment areas were scaled out per the provided GIS tool- 
measurement. Impervious areas were determined using the more available GIS 
aerial data. Areas considered impervious are building footprints, driveways, 
walkways and roadways (paved and graveled).
4. The slope of sub-catchment areas were determined using GIS contour line 
elevations.
System Pipe Network Data
As shown under the Appendix A (Table A l), the drainage system consists of 65 
nodes and 65 pipe segments with a total length o f approximately 14,400 lineal feet. Also, 
there are approximately 87 Drop Inlet Structures that receives runoff from the catchment 
areas and conveys them to the nodes along the system truck-line. Since these drop inlet 
structures subjects to a different (lower) rainfall design storm than the main system, they 
were eliminated from this analysis.
Node Sub-catchment Data
The Node Sub-catchment areas, slopes and shapes were obtained and scaled out 
from the City’s GIS system with some field verifications. Table A2 under Appendix A 
shows Node’s sub-catchment area, accumulated area, including area o f imperviousness 
and slopes. There are few nodes along the system that act as the general node, manhole, 
or connection between others, that do not receive direct flow from any catchment, but 
pass flow to downstream.
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System Outfall Data
The system outfall is located along the shoreline at southern side o f the study 
area. The outfall receives flow from a 96 inch reinforced concrete pipe, and is also 
subject to tidal actions on a daily basis, almost two highs and two lows every 24 hours. 
Table 1 shows tidal information o f 13 days of February (9th to 21st) o f 2014. Tidal 
information was obtained from website Tides.INFO, “Tide Prediction for Newport News, 
James River, Virginia” (Tides.INFO, 2014). Mean low and high tides o f recorded data 
were estimated as -0.03 ft and 2.58 fit.














Sunday 2/9/2014 11:52 0.23 — — 5:48PM 2.04 — —
— — 11:48 0.07 — - - - 0
Monday 2/10/2014 — . . . — — 6:27PM 2.47 — —
— — 12:45PM 0.18 — — 6:41PM 2.11
Tuesday 2/11/2014 5:04 AM -0.06 — — 7:15 AM 2.54 — —
— — 12:41PM 0.03 — — — 0
Wed 2/12/2014 1:29 AM -0.02 — — 7:58AM 2.62 — —
— — 2:13PM 0.04 — — 8:12PM 2.33
Thursday 2/13/2014 2:13AM -0.07 — — 8:37AM 2.68 — —
— — 2:51PM -0.03 — — 8:51PM 2.43
Friday 2/14/2014 2:54AM -0.11 — — 9:13AM 2.71 — —
. . . — 3:27PM -0.08 — — 9:29PM 2.52
Saturday 2/15/2014 3:33AM -0.13 — — 9:48AM 2.72 — —
— — 4:01PM -0.11 — 10:04PM 2.59
Sunday 2/16/2014 4:11AM -0.12 — — 10:21AM 2.7 — —
— — 4:35PM -0.12 — — 10:39PM 2.63
Monday 2/17/2014 4:48AM -0.1 — — 2:55AM 2.65 — —
— — 5:08PM 0.11 — — 11:15PM 2.67
Tuesday 2/18/2014 5:27AM -0.06 — — 11:29AM 2.58 — —
— — 5:43PM -0.09 — — 11:52PM 2.68
Wed 2/19/2014 6:08AM -0.01 — . . . 12:07PM 2.5 — —
------- — 6:20PM 0.07 ____ ____ ____ 0
Thursday 2/20/2014 6:53AM 0.04 — — 12:34PM 2.69 _ _ _ —
— — 7:03PM -0.04 . . . — 12:50PM 2.41
Friday 2/21/2014 7:45 AM 0.1 — — 1:22AM 2.69 — —
____ ____ 7:53PM -0.02 — — 1:39PM 2.33
Average 03:00AM -0.03 — ------- 09:00AM 2.58 — -------





The purpose o f report study is to assess and analyze an existing drainage system, 
determine its deficiencies, and correct them to the standard level required by the 
municipality. Drainage system correction can be done by adjusting system parameters, 
and the parameter that was changed in this study was the increase of the pipe-link areas. 
For defining and analyzing of the study drainage area, this chapter discusses technical 
tools and engineering judgments used for the area’s sub-catchment delineations, 
modeling and optimization.
Area Delineation
All drainage sub-catchment areas were obtained and scaled out from the City of 
Newport News’ GIS system with minor adjustments o f few of the sub-catchment 
borderlines. Adjustments were performed basing on field observations o f realistic objects 
and topographic information that show some differences with the GIS information. The 
purposed of this adjustment was to fed drop inlet and junction structures with right 
rainfall runoffs. The drainage system consists o f 65 nodes with 87 drop inlets, serving a 
total area of 219 acres. The whole drainage area was subdivided into 57 sub-catchment 
areas; each sub-catchment was connected to a node through one or more of drop inlet 
structures. All sub-catchment parameters o f slopes, imperviousness, manning roughness, 
depressions and area were properly fed into the PC-SWMM computer program. The sub­
catchment area-widths were measured basing on the shape of the sub-catchment area, 
their runoff direction and the location of the node that collets runoff flows, and as 
illustrated below.
Area-Shapes (A)______________  Area Length (L) Node Location
W W = A/L (Rectangular) Downstream
W




:t> •  <= W = AI (0.5L) Area-Middle
All collected surface area and piping system network data were inserted to the 
system model to be analyzed by PC-SWMM. The system layout is associated with some 
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The computer programing PC-SWMM is a useful and modem engine-use for 
modeling civil engineering projects, hydraulic and hydrology. It is an excellent tool for
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analyzing drainage systems, as well as assessing their functionality and efficiencies. The 
SWMM Model has been used with the following simulation options.
Process Models: Rainfall/Runoff and Flow Routing
Infiltration Model: Green Ampt
Routing Model: Dynamic Wave
Inertial Terms: Ignore
Define Supercritical Flows by: Both (Slope and Froude Number) 
Force Main Equation: Hazen-Williams 
Adjustment Factors: 50%
Minimum Surface Area: 100 square feet 
Start and End Analysis Time: 36-hours
Rainfall Distribution: SCS Type II, Newport News is located in type II o f the US
Geographic Boundary 
Time increment: 30 minutes
Excel Solver
Another computer tool used in this study was the Excel Solver. The Excel Solver 
is a computer tool that can be used for computation and optimization of project problems. 
Objective functions can be selected to be maximized, minimized or set-to-value, with 
changing sets o f decision variables. Constraints can also be added to bound feasible 
areas. Solving methods can be selected to GRG non-linear, Simples LP or Evolutionary. 
The GRG non-linear engine can be used for solving problems that are smooth non-linear, 
the LP Simplex engine can be used for solving linear problems, and the Evolutionary 
engine can be used for solving problems that are non-smooth.
Creation and learning the techniques of Excel Solver were reviewed in several 
example applications addressed in “An Introduction to Spreadsheet Optimization Using 
Excel Solver” as reported by Lancaster University. A disadvantage of Excel Solver is its 
capacity, which is limited to 200 variable cells and 100 constraints, plus bounds on 
variable cells (Meissner and Jguyen, 2010).
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For the Excel Solver used in this study, most o f the draiange system, data (from 
catchment area parameters to the system network data) that were used in the PC-SWMM, 
have also been used in the Excel Solver. Also, all required formulas for calculating HGLs 
from outfall to the upstream ends were used in their respective columns.
Bending angles (0 ) along the pipeline were measured from the GIS layout with 
some field verifications. Junction riser diameters were dertermined using the best 
engineering judgement, taking into cosideration the number and sizes o f the pipes that 
coming or going out of the junctions.
The Objective Funciton was set to be minimized, in order to provide the least 
system improvement-cost estimates, and thus can be done by minimizing pipe-link cross 
sectional areas and keeping HGLs at or below junction rim elevations. System 
improvement-costs (objective functions) are equal to the sum of additional pipe area x 
unit price ($/LF/SF) x pipe-link length. Mutilple unit prices ($/LF/SF) o f the system 
improvements were added to the optimization technique in order for the Excel Solver’s 
Objective Function to provide accurate cost estimates. These multiple unit prices used in 
the sysem were to reflect costs associated with each area o f improvement.
System Analysis
The existing drainage system was analyzed to determine its functionality and 
capacity against the maximum load (rainfall) it can handle. This system capacity can be 
found when the system initiates failing under a particular rainfall storm. If the rainfall 
storm is lower than the design storm required by the locality, the system may be upgraded 
to the required design storm capacity, if  system improvement is needed. Therefore, the 
locality’s design guidelines and criterion shall be taken into consideration during system 
analysis and improvements.
The City of Newport News, as any other Virginia cities, has its own Design 
Criteria Manual (DCM) and guidelines that have to be executed during construction or 
reconstruction of any civil engineering projects. This study deals with analyzing and 
improving an existing drainage system, and the City’s requirements o f this regard are as 
follows:
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1. Minimum stormwater pipe size in the City’s right-of-ways and drainage 
easements is 15”, and the type of pipe material shall be o f reinforced concrete 
pipe (RCP),
2. Minimum easement width is 15 feet or more,
3. Access distance between structures along 15 inch RCP shall not be more than 
150 LF, and no more than 300 LF for pipe sizes 18 to 42 inches and no more 
than 800 LF for pipe sizes 48 inches and more,
4. Pipe minimum cover is tow feet,
5. Preferred minimum slope is 0.002, and
6. Drainage systems are to be designed, constructed and improved to handle 10- 
yr storm, using SCS Type II, 24-hour rainfall with time increments o f no more 
than 30-minutes.
7. Culvert under the primary roadway shall handle a 25-yr NOAA storm.
8. Developers must obtain all required City, State and Federal Permits.
System Assumptions:
1. Pipe invert elevation along the system trunk-line is assumed to be at the 
structure’s invert elevation if its inlet elevation at the downstream structure is 
unknown.
2. Pipes are fully open with no cracks, obstacles or joint leaks.
3. Structure top elevations are the roadway surface elevations or the curb-gutters 
flow line elevation.
4. Rainfall runoff flows were received by nodes only from assigned Sub-catchment 
areas without additional system inflow or infiltration.
5. City’s design storm is 10-yr and the NOAA’s range o f this storm is from 5.06 to 
6.07 in 24-hrs rainfall duration.
6. Annual rainfall depth in the Hampton Road Area is 45 inches.
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Rainfall Data Frequency Analysis
Drainage systems should be designed, analyzed and constructed to carry the most 
probable rainfall storms that the system can be subjected to, and it would be make more 
sense if the system is designed to the most probable rainfall storms that are based on the 
historical rainfall data of the system area than the storms that originated off-site o f the 
study region. The most probable rainfall storm that is used nationwide for residential and 
commercial drainage systems is the 10-yr storm. 10-yr storms reflect the ten percent 
probability o f rainfall to occur at any given year. In accordance with National Oceanic 
and Atmospheric Administration (NOAA) Atlas-14, the 10-yr storm for the City of 
Newport News is the average accumulation rainfall o f 5.53 inches in 24-hours.
In this study, the available historical rainfall data was used for determining the 
intensity of the most probable rainfall data. Generally, it is desired to have at least thirty 
annual continued recorded rainfall data for performing frequency analysis o f any 
drainage system and establishing a more reliable, probable rainfall storm estimates.
Since there are only 4.25 years o f recorded data at the area’s close-by rain gauges, 
which is a relatively short period of rainfall data, this study has used other sources of 
rainfall data, such as Norfolk International Airport rainfall data. The rainfall frequency 
analyses of the study area were performed through the following steps:
First Step: Exploration and location of existing recorded rainfall data. The City 
of Newport has approximately 25 rain gauges installed at pump stations throughout the 
City. The closest pump stations that contain rain-gauges and are closer to the study area 
are Pump Station 006, located at the comer o f 41st Street and Marshall Avenue; Pump 
Station 025, located at the comer o f J. Clyde Morris Blvd and Jefferson Ave; and Pump 
Station 020, located at 721 Leonard Lane. The available record o f rainfall data at Pump 
Station 006 included information from June 1, 2009 to September 11, 2013, while the 
other two pump stations was available to the time of this study.
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The second source of rainfall data is Norfolk International Airport, which is in the 
City of Norfolk and located approximately 12 miles in aerial distance south o f the studied 
area. Norfolk International Airport has approximately 59-years of recorded rainfall data, 
starting from 1948, and going to 2007, with exception o f 1952. This amount o f recorded 
rainfall data is relatively sufficient for performing rainfall frequency analysis.
Second Step: reduced rainfall data to annual series of maximum 1-hour 
increments. Then, data was ranked in descending order, then given a number (n) for each 
rainfall value, starting from n= 1 to n = 59. The table below shows the recorded 1-hr 
annual maximum rainfall from 1948 to 2007.
Table 2: Norfolk International Airport Rainfall Data
r (No.) Year Rainfall
(in)
r (No.) Year Rainfall
(in)
r (No.) Year Rainfall
(in)
1 1948 1.30 21 1969 2.94 41 1989 0.96
2 1949 2.63 22 1970 1.46 42 1990 1.70
3 1950 2.79 23 1971 1.19 43 1991 1.21
■ 4 1951 1.90 24 1972 0.92 44 1992 1.08
5 1953 1.73 25 1973 1.28 45 1993 1.05
6 1954 2.12 26 1974 1.16 46 1994 1.75
7 1955 1.57 27 1975 2.30 47 1995 0.73
8 1956 1.26 28 1976 0.84 48 1996 1.06
9 1957 1.36 29 1977 1.32 49 1997 1.23
10 1958 1.39 30 1978 1.12 50 1998 1.53
11 1959 2.09 31 1979 1.68 51 1999 1.53
12 1960 1.11 32 1980 1.56 52 2000 1.89
13 1961 1.60 33 1981 2.09 53 2001 1.14
14 1962 1.64 34 1982 1.13 54 2002 2.71
15 1963 0.86 35 1983 1.22 55 2003 1.31
16 1964 1.79 36 1984 1.56 56 2004 1.94
17 1965 1.00 37 1985 1.88 57 2005 1.11
18 1966 1.25 38 1986 1.17 58 2006 1.49
19 1967 2.68 39 1987 0.97 59 2007 1.24


























S L r » L O i i - t f e n u p» i p i i s ^ ( r t i £ f ^ r ' ^ r ' ~ r ' - r > . g p c o ( » c p Q p a i C T > C T > Q > a » o c i o ©  a ) Oi CTi o>CTi <Kt K<Kas o>CTi <j >avoi ml K! J i <KSi ( Ka i oi {nSl i ! y>SSoot—I iH H  H  H  H  H  H  ■—I H  H  H  H  H  H  H  r t  H  I H  tH  W  rH H  H  (N IN IN  (N
Figure 3: Norfolk International Airport Rainfall Data
Before performing probability distributions of the obtained Norfolk International Airport 
data, the data needs to be checked and tested for normality and goodness o f fit. Therefore, 
the data was subjected to hypothesis analysis.
Rainfall Data Proposed Hypotheses and Rationales to Support Them
To determine the normality of this data, two hypotheses were assumed, one Null 
Hypothesis (HO) and the other is Alternative Hypothesis (Ha). Null Hypotheses (HO) 
assumes that the data collected came from a normally distributed population or a system. 
The Alternative Hypothesis (Ha), on the other hand, assumes that the data did not come 
from a normally distributed population or a system.
The rationale used for this determination found a probability p-value for the 
selected level o f significance. Generally speaking, the level of significance used for this 
type of analysis is 5% or at a = 0.05; however, there are some guidelines and limit ranges 
that depend on the number of sample observations. Our goal for determining p-value was 
to determine whether to reject HO or not. To determine p-value, a Kolmogorov-Smimov 




Kolmogorov-Smimov test is a test that determines if  two data sets are
significantly different from each other; it also tests for the equality o f continuous data. 
The K-S test is one dimensional probability distribution that can be used to compare 
measured sample data with the referenced probability distribution. The K-S test
quantifies the vertical distances between the cumulative empirical data and the
cumulative referenced data. The area’s rainfall data obtained from Norfolk International 
Airport was subjected to the K-S test to determine its normality and goodness o f fit from 
the cumulative rainfall depths to the cumulative referenced rainfall frequencies. This 
test’s statistical distribution was calculated for the level o f significance o f 0.05, or the 
highest difference between the cumulative rainfall depths and the cumulative rainfall 
frequencies that are less than the critical value calculated for the selected level of 
significance.
Hypothesis P-Values
“Dn” is the highest different value between the cumulative functions o f rainfall 
depths and rainfall frequencies, and “Dc” is the Critical Value calculated for the selected
0.05 level of significance. Dc can be obtained from Table 3 for sample observations from 
1 to 50 or calculated for sample observations greater than 50.
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Table 3: Kolmogorov-Smimov Critical values
a
n 0.01 0.05 0.1 0.15 0.2
1 0.995 0.975 0.950 0.925 0.900
2 0.929 0.842 0.776 0.726 0.684
3 0.828 0.708 0.642 0.597 0.565
4 0.733 0.624 0.564 0.525 0.494
5 0.669 0.565 0.510 0.474 0.446
6 0.618 0.521 0.470 0.436 0.410
7 0.577 0.486 0.438 0.405 0.381
8 0.543 0.457 0.411 0.381 0.358
9 0.514 0.432 0.388 0.360 0.339
10 0.490 0.410 0.368 0.342 0.322
11 0.468 0.391 0.352 0.326 0.307
12 0.450 0.375 0.338 0.313 0.295
13 0.433 0.361 0.325 0.302 0.284
14 0.418 0.349 0.314 0.292 0.274
15 0.404 0.338 0.304 0.283 0.266
16 0.392 0.328 0.295 0.274 0.258
17 0.381 0.318 0.286 0.266 0.250
18 0.371 0.309 0.278 0.259 0.244
19 0.363 0.301 0.272 0.252 0.237
20 0.356 0.294 0.264 0.246 0.231
25 0.320 0.270 0.240 0.220 0.210
30 0.290 0.240 0.220 0.200 0.190
35 0.270 0.230 0.210 0.190 0.180
40 0.250 0.210 0.190 0.180 0.170
45 0.240 0.20 0.180 0.170 0.160
50 0.230 0.190 0.170 0.160 0.150
Over 50 1.63/Vn 1.36/Vn 1.22/Vn 1.14/Vn 1.07/Vn
Null Hypothesis, HO: Dn < Dc 
Alternative Hypothesis, Ha: Dn > Dc
First, the data was ranked in ascending value from low to high; then a value 
frequency of 1 was assigned to each rainfall depth (1 -hr annual maximum rainfall), so the 
cumulative frequency values are the same as shown in column 1. The other column titles 
and formulas are as stated below.
S(x) is the cumulative distribution function of frequencies
S(x) = dividing the cumulated frequency numbers by the total number o f frequencies 
Z-value is the standardization of the rainfall values using its mean and standard of 
deviation values
Z = Standardize (ranked rainfall values, mean, a)
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F(x) is the normalization of the Z-values, assuming the original values are normally 
distributed
F(x) = Normal distribution (z)
Last column is the absolute different value between F(x) and S(x)
& = ABS[Fn(x) Sn{x)~\





Freq. S(x) Z-value F(x) A, abs(sx 
-fx)
1 0.73 1 0.0169 -1.4842 0.0689 0.0519
2 0.84 1 0.0339 -1.2730 0.1015 0.0676
3 0.86 1 0.0508 -1.2346 0.1085 0.0576
4 0.92 1 0.0678 -1.1194 0.1315 0.0637
5 0.96 1 0.0847 -1.0426 0.1486 0.0638
6 0.97 1 0.1017 -1.0234 0.1531 0.0514
7 1.00 1 0.1186 -0.9658 0.1671 0.0484
8 1.02 1 0.1356 -0.9274 0.1769 0.0413
9 1.05 1 0.1525 -0.8698 0.1922 0.0397
10 1.06 1 0.1695 -0.8506 0.1975 0.0280
11 1.08 0.1864 -0.8122 0.2083 0.0219
12 1.11 1 0.2034 -0.7546 0.2252 0.0218
13 1.11 1 0.2203 -0.7546 0.2252 0.0049
14 1.12 1 0.2373 -0.7354 0.2310 0.0062
15 1.13 1 0.2542 -0.7162 0.2369 0.0173
16 1.14 1 0.2712 -0.6970 0.2429 0.0283
17 1.14 1 0.2881 -0.6970 0.2429 0.0452
18 1.16 1 0.3051 -0.6586 0.2551 0.0500
19 1.17 1 0.3220 -0.6394 0.2613 0.0608
20 1.19 1 0.3390 -0.6010 0.2739 0.0651
21 1.21 1 0.3559 -0.5626 0.2868 0.0691
22 1.22 1 0.3729 -0.5434 0.2934 0.0795
23 1.23 1 0.3898 -0.5242 0.3001 0.0898
24 1.24 1 0.4068 -0.5050 0.3068 0.1000
25 1.25 1 0.4237 -0.4858 0.3135 0.1102
26 1.26 1 0.4407 -0.4666 0.3204 0.1203
27 1.28 1 0.4576 -0.4282 0.3342 0.1234
28 1.30 1 0.4746 -0.3898 0.3483 0.1262
29 1.31 1 0.4915 -0.3706 0.3555 0.1361
30 1.32 1 0.5085 -0.3514 0.3626 0.1458
31 1.36 1 0.5254 -0.2746 0.3918 0.1336
32 1.39 1 0.5424 -0.2170 0.4141 0.1283






Freq. S(x) Z-value F(x) A, abs(sx 
-fx)
34 1.49 1 0.5763 -0.0251 0.4900 0.0863
35 1.53 1 0.5932 0.0517 0.5206 0.0726
36 1.53 1 0.6102 0.0517 0.5206 0.0895
37 1.56 1 0.6271 0.1093 0.5435 0.0836
38 1.56 1 0.6441 0.1093 0.5435 0.1005
39 1.57 1 0.6610 0.1285 0.5511 0.1099
40 1.60 1 0.6780 0.1861 0.5738 0.1041
41 1.64 1 0.6949 0.2629 0.6037 0.0912
42 1.68 1 0.7119 0.3397 0.6330 0.0789
43 1.70 1 0.7288 0.3781 0.6473 0.0815
44 1.73 1 0.7458 0.4357 0.6685 0.0773
45 1.75 1 0.7627 0.4741 0.6823 0.0804
46 1.79 1 0.7797 0.5509 0.7092 0.0705
47 1.88 1 0.7966 0.7237 0.7654 0.0312
48 1.89 1 0.8136 0.7429 0.7712 0.0423
49 1.90 1 0.8305 0.7621 0.7770 0.0535
50 1.94 1 0.8475 0.8389 0.7992 0.0482
51 2.09 1 0.8644 1.1269 0.8701 0.0057
52 2.09 1 0.8814 1.1269 0.8701 0.0113
53 2.12 1 0.8983 1.1845 0.8819 0.0164
54 2.30 0.9153 1.5301 0.9370 0.0217
55 2.63 1 0.9322 2.1636 0.9848 0.0525
56 2.68 1 0.9492 2.2596 0.9881 0.0389
57 2.71 1 0.9661 2.3172 0.9898 0.0237
58 2.79 1 0.9831 2.4708 0.9933 0.0102
59 2.94 1 1.0000 2.7588 0.9971 0.0029
H = 1.503 Dn = 0.1458
a = 0.521
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K-S Test of the Norfolk Int. Airport Rainfall Depth
-♦ C u m u la tiv e  distribution of the rainfall data 
-♦■Cum ulative distribution of the rainfall frequency data
10 15 20 25 30 35 40 45 50
Cumulative distribution of the requency value
55 60 65
Figure 4: Cumulative Distribution Functions of Rainfall and Frequency Data 
Dn = Max, ABS [Fn(x) -  Sn(x)]
Dn = 0.1458, which is the maximum absolute difference value between the cumulative 
distribution of rainfall depths and rainfall frequencies. From the K-S table, for the level of 
significance of 0.05 and sample number o f 59, the formula for the Critical Value, Dc is:
Dc = 0.1771, which is more than the difference Dn value of 0.1458.
Probability o f (Dn < Dc) = 1 -  a 
Prob (Dn < Dc) = 0.95
Therefore, the conclusion is that the data is normally distributed with a good fit and the 
data can be used in normal-distribution based analysis methods.
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Probability Distribution of the Rainfall Data
The rainfall data was ranked in descending order, and will correspond to the 
probabilities o f excedance. If they ranked ascending, then probabilities will of non- 
excedance. For this probability distribution analysis, several methods (formulas) were 
used. These methods are Weibull, Hazen, Gringorten, Sevruk & Geiger, and Gumbel 
Distribution (Extreme Distribution).
W e i b u l l , , ,  F*
r
i n  □ ! >
H a z e n , , ,  F* ( r  □  0 .5 )  
n
^  „  ( r  [30.44)G rin gorten , ,, P  = ---------------
(n U  0 .1 2 )
Sevruk & Geiger,,, P  —













1 2.94 0.017 0.009 0.011 0.008
2 2.79 0.033 0.026 0.027 0.025
3 2.71 0.050 0.043 0.044 0.042
4 2.68 0.067 0.060 0.061 0.059
5 2.63 0.083 0.077 0.078 0.076
6 2.30 0.100 0.094 0.095 0.093
7 2.12 0.117 0.111 0.112 0.110
8 2.09 0.133 0.128 0.129 0.127
9 2.09 0.150 0.145 0.146 0.144
10 1.94 0.167 0.162 0.162 0.161
11 1.90 0.183 0.179 0.179 0.178
12 1.89 0.200 0.196 0.196 0.195
13 1.88 0.217 0.212 0.213 0.212
14 1.79 0.233 0.229 0.230 0.229
15 1.75 0.250 0.246 0.247 0.246
16 1.73 0.267 0.263 0.264 0.263
17 1.70 0.283 0.280 0.281 0.280
18 1.68 0.300 0.297 0.297 0.297
19 1.64 0.317 0.314 0.314 0.314
20 1.60 0.333 0.331 0.331 0.331
21 1.57 0.350 0.348 0.348 0.347
22 1.56 0.367 0.365 0.365 0.364
23 1.56 0.383 0.382 0.382 0.381
24 1.53 0.400 0.399 0.399 0.398
25 1.53 0.417 0.415 0.416 0.415
26 1.49 0.433 0.432 0.432 0.432
27 1.46 0.450 0.449 0.449 0.449
28 1.39 0.467 0.466 0.466 0.466
29 1.36 0.483 0.483 0.483 0.483
30 1.32 0.500 0.500 0.500 0.500
31 1.31 0.517 0.517 0.517 0.517
32 1.30 0.533 0.534 0.534 0.534
33 1.28 0.550 0.551 0.551 0.551
34 1.26 0.567 0.568 0.568 0.568
35 1.25 0.583 0.585 0.584 0.585
36 1.24 0.600 0.601 0.601 0.602
37 1.23 0.617 0.618 0.618 0.619















39 1.21 0.650 0.652 0.652 0.653
40 1.19 0.667 0.669 0.669 0.669
41 1.17 0.683 0.686 0.686 0.686
42 1.16 0.700 0.703 0.703 0.703
43 1.14 0.717 0.720 0.719 0.720
44 1.14 0.733 0.737 0.736 0.737
45 1.13 0.750 0.754 0.753 0.754
46 1.12 0.767 0.771 0.770 0.771
47 1.11 0.783 0.788 0.787 0.788
48 1.11 0.800 0.804 0.804 0.805
49 1.08 0.817 0.821 0.821 0.822
50 1.06 0.833 0.838 0.838 0.839
51 1.05 0.850 0.855 0.854 0.856
52 1.02 0.867 0.872 0.871 0.873
53 1.00 0.883 0.889 0.888 0.890
54 0.97 0.900 0.906 0.905 0.907
55 0.96 0.917 0.923 0.922 0.924
56 0.92 0.933 0.940 0.939 0.941
57 0.86 0.950 0.957 0.956 0.958
58 0.84 0.967 0.974 0.973 0.975




Extreme Value (Gumbel distribution)
The Gumbel distribution is considered as the more extreme method of data 
distribution in compare with other types o f data distribution. As far as rainfall 
distribution, it provides satisfactory results and fits most o f the rainfall data. However, 
this type of distribution corresponds with 50% o f probability of excedance, while taking 
into consideration the complete normality o f the rainfall data. The formula is as shown 
below.
Xt = \i + K.a
Xt = rainfall depth expected for the selected return period probability, in inches
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p. = Mean of 1 -hr maximum rainfall depth, in inches 
a  = Standard Deviation
Xi = 1 -hr maximum rainfall recorded for each year 
ri = Total number o f observation, which is 59 in this case 
K = Frequency factor
The table below shows the frequency factors arranged for the storms from 5- to 
100-years. These frequency factors depend on the sample number o f observations and 
probability of the storm return-period. The table data was obtained from Akan’s Book 
(Akan & Houghtalen, 2003) and the paper study of the Frequency Analysis o f Rainfall 
Data by Raes (Raes, 2004), with some interpolations between the two for other missed 
stroms and observation numbers. The table is created for the observation sample numbers 
from 15 to 100; for other numbers that are not reported in this table, interpolations can be 
done to determine their values.
Table 6: Frequency Factors, K
No. of 
Observation Return-Period (year)
n 5- 10- 15- 20- 25- 50- 100-
15 0.97 1.70 2.12 2.41 2.63 3.32 4.01
20 . 0.89 1.58 1.96 2.30 2.52 3.09 3.73
25 0.89 1.58 1.94 2.27 2.44 3.09 3.73
30 0.87 1.54 1.92 2.23 2.40 3.03 3.65
35 0.85 1.52 1.90 2.20 2.35 2.98 3.60
40 0.84 1.50 1.87 2.16 2.33 2.94 3.55
45 0.83 1.48 1.85 2.13 2.30 2.91 3.52
50 0.82 1.47 1.83 2.09 2.28 2.89 3.49
59 0.81 1.47 1.82 2.07 2.27 2.87 3.47
75 0.79 1.42 1.79 2.05 2.22 2.81 3.40
100 0.78 1.40 1.75 2.00 2.19 2.77 3.35
In order to determine the more appropriate probable return value for analyzing 
and testing the drainage system, a table o f all commonly used retum-periods was created 
and shown below. The return-period rainfall depths were obtained from the interpolations 
of the values tabulated for the probability distributions o f Weibull, Hazen, Gringtom, and
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Sevruk & Geiger. The extreme values (Gumbel Distribution) were calculated using the 
formula mentioned before with the Table o f Frequency Factor. Also, for the sake of 
comparison and analysis, the 1-hr rainfall depths from NOAA Atlas-14 have been added 
to the table.
Table 7: Retum-Periods Rainfall-Depths


















100 1 2.9 3.13 2.93 2.95 3.31 3.60
50 2 2.8 2.91 2.84 2.86 3.00 3.23
25 4 2.7 2.76 2.72 2.72 2.68 2.85
10 10 2.2 2.3 2.24 2.24 2.58 2.42
5 20 1.89 1.89 1.89 1.89 1.93 2.06
2 50 1.32 1.32 1.32 1.32 1.70
Drainage System Calibration
It is difficult to perfectly establish a hydrologic/hydraulic model o f any drainage 
system that contains spatial variability in soil parameters and land topographic 
information. There are certain parameters o f the sub-catchment soils that is hard to 
address to the desired level o f certainty without having done an intensive soil 
investigation for the determination of soil hydrologic groups, infiltration capacity, 
porosity and so forth. However, for this study, in addition to the available GIS contour 
data, several site visits were conducted for a better delineation of the sub-catchment areas 
border lines. With that information and data obtained about the area’s existing drainage 
system and sub-catchment parameters, the system layout can be modeled and analyzed.
The system analysis and assessment is risky and not reliable if  it is done without 
performing calibration and verification of the system in question. If the system model is 
not supplied with the right input parameter, then model results will differ from actual 
results produced by the system, and will be questionable. To avoid, or at least minimize, 
these differences, any model application for a system should be calibrated and verified 
prior of doing further analysis. System calibration is the adjustment o f the system
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parameters (piping network and sub-catchment areas) within a realistic and reflectable 
rage to minimize the difference between the model and actual system result values. The 
procedures used for the calibration of the studied system are as follows.
1. Selected several junctions along the system trunk-line. These Junctions are Jn34, 
Jn48, Jn46 and Jnl7.
2. Installed 8-ft 2x4 inches wooden studs, colored with sidewalk chalk, at each 
selected junction and measured distances from the junction flow line (invert 
elevations) to the butt of the studs, and from the top of the studs to the top o f the 
junctions (rim elevations). The pictures below show a sample o f a water-mark 
stud that was used at the selected junction. Water-marks were anchored to the 
steps of the junctions with U-bolts and nuts. The idea of this is, when rainwater 
flow rises at the junction structure, it will wash the color o f the sidewalk chalk 
away and leave a water level mark within the height of the wooden stud and can 
be measured later on.
3. After the installation o f the water marks, we waited for a rain storm and take a 
reading of water elevations at those junctions. In the second week o f October, 
2013, the site received rainfall for approximately more than 24 hours. The rainfall 
depth of this event was obtained from the rain-gauge installed the Pump Station 
025. Based on the rain-gages rainfall record, it appeared that the rainfall duration 
started from 08:30 AM October 9th to 01:30PM October 10th, 2013. The rainfall 
was relatively steady and heavy during the time 09:00AM October 9th to
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09:00AM October 10th o f 2013. The accumulated rainfall depth during this time 
(24-hours) was 3.28, which is equivalent to NOAA 2-yr storm. The distribution of 
the recorded rainfall data per SCS Type II is shown in the table below.
Table 8: SCS Type II Distribution of the Calibration Data
Time, hr P(in) Time, hr P(in) Time, hr P(in)
0 0.0164 8.0 0.04264 16.0 0.03936
0.5 0.01968 8.5 0.04592 16.5 0.0328
1.0 0.01968 9.0 0.05248 17.0 0.0328
1.5 0.01968 9.5 0.05904 17.5 0.02952
2.0 0.01968 10.0 0.066584 18.0 0.02624
2.5 0.01968 10.5 0.113816 18.5 0.02624
3.0 0.01968 11.0 0.15416 19.0 0.02624
3.5 0.02296 11.5 1.2464 19.5 0.02296
4.0 0.02624 12.0 0.23616 20.0 0.01968
4.5 0.02624 12.5 0.13448 20.5 0.01968
5.0 0.02624 13.0 0.09184 21.0 0.01968
5.5 0.02624 13.5 0.06888 21.5 0.01968
6.0 0.0328 14.0 0.05576 22.0 0.01968
6.5 0.0328 14.5 0.04592 22.5 0.01968
7.0 0.0328 15.0 0.04264 23.0 0.01968
7.5 0.0328 15.5 0.03936 23.5 0.0164
24.0 0.00
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Figure 5: SCS Type II Time Series o f the Calibration Rainfall Data
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Then, after the rainfall data was obtained from the rain-gauge, and the water­
marks were measured at the selected junctions, the drainage system model was subjected 
to the measured rainfall depth using PC-SWMM. The model output results were explored 
for water depths at the selected junctions, and some variations o f water depths were 
noticed between the model results and the actual water-marks measurements. The 
measured water-mark depths were slightly higher than the model’s HGLs at those 
locations. Therefore, system calibration is needed.
Table 9: Junction Water-Mark Measurements




















































15.12 134 -2.08 6.033 15.805 138 0.755 3.550 14.352 111 3.202 1.900 14.18 105 -0.037 5.467
The main purpose of doing system calibration is to make sure that the system 
model represents the real picture of the actual model and without reasonable differences 
between the two, and to achieve this purpose, some o f the system element parameters 
needs to be adjusted. The system elements that can be adjusted are pipe slope, size, 
length, and roughness; land area (width), slopes and others. Since the existing drainage 
system is relatively big, deep, and tidal there no much possibility for changing pipe 
parameters, except pipe manning roughness factor “n”, and sub-catchment widths.
Calibration Limitations:
1. All pipe type material is reinforced concrete, n = 0.013.
2. The n-value changes were started at the downstream end of the system.
3. Trails were stopped where the changes became larger than the previous trail. The 
table below shows the results o f the calibration calculation procedure.
4. From the table it appears that the third trial gives the less variation of HGL 
changes from the field measurements to the model results. So, the system model 
setup was based on this adjusted case scenario.
39
Table 10: System Calibration




















Measured Water-Marks 6.033 3.550 1.900 5.467
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Figure 6: Calibration HGL Profile
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Drainage System Evaluation
For the purpose of analysis and examining the capacity and efficiency of the 
existing drainage system, the system model was subjected to multiple rainfall storms, 
starting from low intensity storms to the storm that initiates flooding. The city’s design 
standards is for all drainage systems (residential and commercial) to have a sufficient 
capacity to carry a 10-yr storm, which is the accumulation average o f 5.53 inches in 24- 
hrs. In this case study, this requirement might be difficult to achieve, since the existing 
drainage system is relatively old and intensively developed for most part. The existing 
hydrology of the area (43%) is larger than the initial hydrology that the area’s drainage 
system is constructed for, while the system hydraulic was stayed the same. The system 
analysis was started from examining the results o f  the calibration storm o f 3.28 inches in 
24-hrs (2-yr storm). The system appeared to be capable o f handling this storm without 
flooding anywhere on the system pipeline. The complete model output report is shown 
under Appendix D.
The second trial subjected the system model to a 5-year rain storm o f 4.63 inches 
in 24-hrs, and the system appeared to be capable of handling this storm too. The third 
trial subjected the system to the lowest range of NOAA 10-yr storm of 5 inches in 24-hrs, 
and the system appeared to fail, producing a minor flood at Junction 53, as shown in the 
HGL profile below, Figure 7. Now, knowing that the system is not capable o f handing the 
average 10-yr storm of 5.53 inches in 24-hrs, the intent o f this study is to analyze and 
improve this existing drainage system to handle the 10-yr Weibull Storm o f 5.25 inches 
in 24-hrs.
*{ ^  3} 8$ q  % 3  3  3   ?  3  ^  3
O 500 1 000  1.S00 2 .000  2  500  3 .000  3 .5 0 0  4 .000  4 5 0 0  5  000  5  500  6.000
O U H D t <«)
02/0SJ2014 12 04.00
Figure 7: HGL Profile of the 5 inch Storm
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Weibull 10-yr Storm
The Weibull 10-yr provides a total accumulation rainfall depth of 5.25 inches in 
24-hrs, as shown in Table 11. This system model was examined for this rain storm and 
appeared to be incapable o f handling this storm. The system failed with flooding at nine 
junctions and produced a total flooding volume of 170,000 gallons of rainwater. The 
maximum HGL along the system main line is shown in Figure 8. The model report status 
is shown under Appendix D.
Table 11: SCS Type II Distribution of Weibull 10-yr Storm
Time, hr P(in) Time, hr P(in) Time, hr P(in)
0 0.02625 8.0 0.06825 16.0 0.0525
0.5 0.0315 8.5 0.0735 16.5 0.0525
1.0 0.0315 9.0 0.084 17.0 0.04725
1.5 0.0315 9.5 0.0945 17.5 0.042
2.0 0.0315 10.0 0.106575 18.0 0.042
2.5 0.0315 10.5 0.182175 18.5 0.042
3.0 0.0315 11.0 0.24675 19.0 0.03675
3.5 0.03675 11.5 1.995 19.5 0.0315
4.0 0.042 12.0 0.378 20.0 0.0315
4.5 0.042 12.5 0.21525 20.5 0.0315
5.0 0.042 13.0 0.147 21.0 0.0315
5.5 0.042 13.5 0.11025 21.5 0.0315
6.0 0.0525 14.0 0.08925 22.0 0.0315
6.5 0.0525 14.5 0.0735 22.5 0.0315
7.0 0.0525 15.0 0.06825 23.0 0.02625
7.5 0.0525 15.5 0.063 23.5 0
24.0 0.0525
Total rainfall depth in 24-hrs = 5.25 inches
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Figure 8: Weibull 10-yr HGL Profile
As stated at the beginning of the study, all drainage systems throughout the City 
shall be designed and constructed to handle the 10-yr rainfall (design storm) per NOAA 
Atlas 14, using the SCS Type II method with time increments o f 30 minutes or less. 
Exploration and investigation of this problem improvement required two more tasks: first 
estimating the cost associated with each improvement scenario, and second performing 
damage analysis and assessing the system cost-benefit analysis.
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CHAPTER V 
OPTIMIZATION AND SYSTEM IMPROVEMENT ANALYSIS 
Optimization
The analyzed existing drainage system appeared to be insufficient to meet the 
City of Newport News’ design storm o f 10-yr rain storm. This study investigates and 
evaluates to improve the drainage system based on Weibull 10-yr Storm of 5.25 inches in 
24-hrs, which is within the range of NOAA 10-yr storm. Existing drainage problems 
include flooding at nine junctions. Flooding of a drainage system can be translated as the 
exposure of the system’s HGL at the flooded locations, i.e. HGLs became higher than the 
junction’s rim elevation. To solve this problem, the HGLs shall be lowered to or below 
junction rim elevations. To do so several element characteristics o f the system piping 
network can be changed, and as follows.
1. Increase pipe diameters within or downstream of the flooded area
2. Steepening pipe slopes,
3. Making the system deeper, if  possible, and
4. Adjusting sub-catchment runoffs from one node or branch to another one.
Since existing drainage system is relatively deep, big, tidal and serving almost a 
fully developed area, it is not practical to make any changes to the depths and slopes of 
the existing piping system. Also, the area is relatively flat and intensely developed, so 
adjusting sub-catchment runoffs is near impossibility in a practical sense. Thus, the only 
viable and practical change possible on the system piping network is increasing the pipe 
areas within or downstream of the flooded area. The most practical and economical 
attempt is to leave the existing pipe segment in-place as-is and add additional run next to 
it.
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Hydraulic Grade Line Calculations
For the purpose of calculating HGLs and controlling their elevations, an excel 
spreadsheet containing all required data and formula was established using Excel Solver.
The data that were transferred from the PC-SWMM model results to the excel
spreadsheet are link flow discharges and junction water depths. The formulas and steps 
that were used in preparation of the Excel Solver are as follow:
1. Flow in the piping systems are generally subcritical; flow depths are higher than 
critical depths, yn > yc. Therefore, the HGL calculation was started from the 
downstream of the system, which is the outfall.
2. Tide as used in the PC-SWMM system model.
3. First Junction up the outfall, HGL = tail-water elevation at downstream + Head 
loss in the pipe.
Pipe Head loss = pipe length, L x pipe bottom slope, for pipes partially full
=Pipe length, L x friction slope, Sf for pipes flowing full
Sf = ("■0Kn.A.R^QMl
4. Junction HGL at the mouth o f the coming in pipes = HGL at the mouth of going 
out pipe + Manhole head loss, hLM.
EA2hLM = Ko.Cd.CD.CQ.CP.CBi )
2g
Ko = (0. l( i j) ( l  □ sin 0)) □ (1.4((-^)A0 .15) sin 0)
Wherein
Ko = initial loss, 
b = Manhole diameter 
D = Out flowing pipe diameter
0  = Angle between the pipe flowing in and out. Obtained from City’s GIS 
drainage system layout with some field adjustments 
Cd = Flow depth correction 
daho= Flow depth in the junction 
CD = 1, Pipe size correction
cd  = 0 . 5 ( ^ r 0 . 6
Do
C D  =  (— ) A3 
D i
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For daho > 3.2Do, otherwise, CD = 1 
CQ = 1, relative flow correction factor,
If there are > 3 pipes going into the same structure, otherwise, CQ = 1
CQ = (11 2 sin 0)((1 = — )A0.75) 1 1 
Qo
CP = 1, Plunging flow correction factor, minor impact
Cp  =  l Z 0 . 2 ( 4 g - ) ( < * P ^ g > . )  
D o D o
CB = correction factor for benching = 1 for flat structure bases 
So,
V ^ 2h L M  = K o .C d {  - )
2  g
5. The HGL procedure continued this way to the upstream ends of the system. HGLs 
from the model outputs and the calculated spreadsheet appeared to be unique to 
some extent, which shows that the HGL calculations were similar between the 
two.
HGL
—♦ “ •C a lc u la te d  HGL M M o d e l 10yr_W ejb u ll HGL 
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Figure 9: Model and Calculated HGLs
6. Now the spreadsheet is ready for the optimization process.
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Optimization Techniques
The purpose o f this optimization process is to create a spreadsheet table that can 
change the system selected element, which is the piping cross-sectional area in this case, 
without creating flooding issues anywhere on the system. Excel Solver operates the 
spreadsheet table by lowering HGLs to or below junction rim elevations with minimally 
increasing the pipe-link areas to satisfy the required system discharge capacity.
Usually, the optimization process consists of three different items: one is the 
Objective Function, which is a cell containing a formula; the second are the Decision 
Variables; and the other item include the Constraints. Objective Function could be 
minimized, maximized or equal to a-value by changing a set(s) o f  decision variables 
subjected to set(s) of constraints. In this report optimization, the Objective Function (OF) 
of Z was reducing or minimizing the improvement-cost, Decision Variables were 
minimally increasing pipe-link areas, and Constraints were setting levels o f HGLs to be 
equal or lower than junction rim elevation and setting some pipe-link areas to desired 
values. The overall goal was to minimize the increase o f the required pipe-link areas as 
much as possible to reduce the improvement-costs while keeping (maximizing) HGLs at 
the highest possible levels.
OF = Z = Sum o f Improvement-Cost
= Sum of additional pipe area x Pipe length x pipe area unit price ($/LF/SF) 
Decision Variables: minimize piping areas 
Subjecting to following constraints:
General Constraints:
1. HGLs at each Junction < Junction Rim Elevation
HGL= TWE □ (L.S) □ {[(0.1 (b / P)(l □ sin 9) □ (1.4((b / D)A0.15) sin 9)} [0.5 (daho / Po)A 0.6]} (FA2 / 2 g)
2. Piping cross-sectional areas at any segment is not to be less than the existing 




> Keep the pipe-link areas the same for the sections that were associated with 
high unit prices.
> Set certain pipe-link areas to the desired value for the purpose o f reducing 
improvement-cost and/or eliminating other additional piping areas.
>  Velocity < 10 fit/sec, if needed.
Upon setting the objective function and adding decision variables and constrains 
as listed above, then Excel Solver was executed. The improvement-cost estimate 
associated with this run was approximately $1,769,000. In order to reduce this 
improvement-cost, this study has conducted improvement-cost analysis with proposed 
few more case scenarios. The Excel Solver and estimates o f two cases (initial and lowest) 
are showing under Appendix C, Tables C l and C2.
System Improvement Analysis
The optimization was associated with four different unit prices, to produce an optimal 
system improvement-cost estimate. These unit prices were generated from the average of 
17 actual bidders of three stormwater projects. Those projects were:
a. Performed for construction and improvement of stormwater systems
b. Within the same vicinity of this study’s City area, which is the southern part of 
the City
c. Included minor and major adjustment and replacement o f the existing utilities, 
water-main, sanitary, Cox and Verizon cables
d. Included reconstruction o f the existing pavement, curb and gutter and sidewalk
e. Tidal condition at the outfall for one o f the project
f. Included pipe installation of sizes ranging from 15 to 72 inches
The average of those project unit prices were reported at S/LF/SF, as showing in the table 
below, and the table o f one project bidders is showing under Appendix C, Table C3.
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Table 12: Improvement Cost Unit Price
Storm Pipeline including pavement reconstruction & minor utility adjustments:
Average
Average Total Cost, $ = 1,147,863 2,686,366 1,231,987 1,688,739
Average Pipe Area, SF = 10.611 12.75 3.96 9
Total Pipe Length, FT = 1,451 4819 3,034 3,101
$/LF = 791 557 406 585
S/LF/SF = 74.6 43.7 102.5 73.6
Storm Pipeline with pavement reconstruction and utility adjustment $102.5
Storm Pipeline without pavement reconstruction & utility adjustments Average
Average Total Cost, $ = 704,420 1,666,029 933,000 1,101,150
■ $/LF = 485 346 308 380
S/LF/SF = 45.8 27.1 77.7 50.2
Stormwater, Sanitary and Roadway Pavement = $142.5
Location of these improvement unit prices are identified on the GIS system layout 
map shown under Appendix C, Figure C 1, and as shown in the table below.
Table 13: Drainage System Area Unit Prices
Area Descriptions Cost S/LF/SF Location
1 Improvement associated with replacement o f only 
drainage system pipeline
S50.2 Jn34 to Outfall
2 Improvement associated with replacement of roadway 
pavement section and minor adjustment of existing 
utilities
$73.6 Jn24 to Jn34 
Jnl to Jnl3
3 Improvement associated with replacement of roadway 
pavement section and adjustment of existing sanitary and 
water main
$102.5 Jn53 to Jn65 
Jn l3 to Jn24
4 Improvement associated with replacement o f roadway 
pavement section, existing sanitary and water main
$142.5 Jn39 to Jn32 
Jn49 to J42
Using Excel Solver, several case scenarios of the system improvements were 
proposed. The senses with these proposed scenarios are:
1. Avoid having random pipe-link adjustments throughout the area, which might 
provide low improvement cases, but it will be associated with repetitive 
construction items, as we have with the first case. In practice, the common way of 
project construction that those repetitive items were not included in project
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design, so the provided cost estimates o f these types o f improvement-cost 
scenarios are not reliable.
2. The repetitive items are mobilization, demobilization, erosion & sediment control 
devices, traffic control, construction stakeout and others.
3. The unit prices used for this analysis were based on the average of other project 
unit prices that were based on the common way of project bidding practice.
4. Increase pipe areas at or around the downstream of the system where all branches 
merge together.
5. Avoid proposing improvements at the area-braches where associated with very 
higher unit prices ($142.5/LF/SF). Because adjustment o f drainage system at 
those areas will be associated with replacement o f existing sanitary, water-main 
lines and complete pavement section, and will be a very costly improvement. The 
system area that have very high unit price is along Chesapeake Ave (16th Street) 
from Marshall Avenue to Teen Street, Wickham Avenue from 16th to 18th Streets, 
as indicated as Area 4 on Figure C l under Appendix C. However, this area’s 
drainage systems are relative new and would be making more sense to leave them 
alone.
6. Avoid proposing improvements at the area-braches where associated with 
relatively higher unit prices (S102.5/LF/SF). Because adjustment o f drainage 
system at those areas will be associated with replacement o f complete pavement 
section and some existing sanitary and waterline adjustments, and will be a costly 
improvement. The system area that has this relatively high unit price is located 
along Marshall Avenue between 22nd and 28th Streets, as indicated as Area 3 on 
Figure Cl under Appendix C.
7. Proposing improvements at areas where require minimum adjustment o f existing 
utilities, less need for traffic control and reconstruction of the roadway pavement 
section.
8. Avoid proposing improvements at area where creates significant impact and 
disturbance of the Chesapeake Bay Preservation Area. However, drainage system 
unit price is relatively low, but obtaining state and federal permits will be costly.
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With taking into consideration of these logic-senses and using the Excel Solver, 
the following system improvement-cost case scenarios were estimated and proposed. All 
proposed improvement case scenarios were verified with the PC-SWMM model.
Scenario 1: First random run of the Excel Solver, which shows random pipe-link area
increases throughout the system.
Improvement-cost is approximately $1,769,000, which is not reliable due 
the reasons mentioned in item 1 of the logic-senses 
Scenario 2: a. add another 60” pipe segment next to C33
b. add another 60” pipe segment next to C32
c. add another 60” pipe segment next to C31
d. add another 54” pipe segment next to C30 
Improvement-cost is approximately $1,895,500
Scenario 3: a. add another 60” pipe segment next to C34
b. add another 60” pipe segment next to C33
c. add another 60” pipe segment next to C32
d. add another 60” pipe segment next to C31 
Improvement-cost is $1,778,100
Scenario 4: a. add another 60” pipe segment next to C35
b. add another 60” pipe segment next to C34
c. add another 60” pipe segment next to C33
d. add another 36” pipe segment next to C 31 
Improvement-cost is approximately $1,379,500
Since Scenario 4 provides the lowest cost scenario, no more further scenarios 
downstream will be created due to major impact on trees, vegetation clearings and 
disturbance of Chesapeake Bay Preservation Area as mentioned in item 8 of senses.
For the purpose of developing the project area and possibility o f adding more 
runoff to the improved system, the Case Scenario 4 was upgraded slightly to handle more 
runoff from undeveloped areas. The undeveloped area is approximately 17 acres and 
located south of this studied project area, along the drainage system downstream of
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Junction 34. These 17 acres o f land is currently undeveloped, contains some existing 
imperviousness (approximately 18%). Some o f this area’s is sheeting toward the 
shoreline of the Hampton Roads body of water. Whenever this area is developed, the 
developer needs to create a new outfall and obtain all permits required by state and 
federal agencies, or just simply connect the new drainage to this improved main drainage 
system. For connecting new drainage systems to the existing one, the developer needs to 
verify the adequacy of the receiving system.
With minor adjustment of Case Scenario 4, the main system can handle the 
additional runoff associated with this development. The improvement value o f the 
developed area is approximately $14,500,000, while the adjustment increase of Case 
Scenario 4 is approximately $48,000 and as shown below:
Scenario 4A: a. add another 60” pipe segment next to C35
b. add another 60” pipe segment next to C34
c. add another 60” pipe segment next to C33
d. add another 66” pipe segment next to C31
Improvement-cost is approximately $1,428,100
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As a check to Excel Solver improvement-cost estimates, the following table of 
itemized breakdown of Case Scenarios 2, 3, 4 and 4A was created.
Table 14: Scenario Cost Estimates












1 Mob/Demob EA 250,000 250,000 250,000 250,000 250,000
2 Const. Stakeout LS 5,000 10,000 10,000 10,000 10,000
3 Traffic Control EA 50,000 50,000 50,000 25,000 25,000
4 Cofferdam LS 10,000 10,000 10,000 10,000 10,000
5 Demolition LF 100 156,200 104,700 53,500 47,900
6 Erosion Controls EA 4,000 4,000 4,000 4,000 12,000
7 CG-6 Curb/Gutter LF 40 62,480 41,880 21,400 21,400
8 Pavement Milling SY 3 0 0 0 0
9 SM-9.5A (1.5”) SY 35 86,100 65,100 24,850 29,050
10 BM-25A (2.5”) SY 50 123,000 93,000 35,500 41,500
11 8" Sub-base Stone SY 28 68,880 52,080 19,880 23,240
12 Jn 0 - 6 ft depth EA 6,000 0 0 0 0
13 Jn Extra Depth VD 250 0 0 0 0
14 CDIVDOT DI-3B EA 4,000 12,000 0 0 0
15 15” & 18" RCP LF 80 0 0 0 0
16 21" -27 RCP LF 105 0 0 0 0
17 30” - 36" RCP LF 140 0 0 5,600 0
18 42” - 48" RCP LF 265 0 0 0 0
19 54" - 60” RCP LF 395 616,990 612,645 538,780 538,780
20 66” - 72" RCP LF 525 0 0 0 21,000
21 78” - 84" RCP LF 725 0 0 0 0
22 90 & 96" RCP LF 975 0 0 0 0
23 Excavation CY 25 186,250 196,250 156,000 166,250
24 Backfill/Compaction CY 35 130,375 137,375 109,200 116,375
25 Exist. Utility Adj. EA 10,000 20,000 20,000 20,000 20,000
26 Exist. Sanitary Adj. EA 10,000 20,000 20,000 20,000 20,000
27 Existing Strc. Adj. EA 500 0 0 0 0
28 Exist. Water Adj. LF 350 28,000 28,000 0 0
29 Pumping Operation Mons 25,000 75,000 75,000 75,000 75,000
Total $1,909,275 $1,770,030 $1,378,710 $1,427,495
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System Storm-Loss Analysis
The most economical improvement-cost estimate for adjusting or repairing the 
drainage system deficiency is determined from Case Scenario 4 or 4A, as described in the 
previous section. However, this determination by itself does not provide a solid and 
reliable answer to the question of, is this the optimal case scenario or not? To verify the 
answer to this question, another subject shall be added, which is loss-value and cost- 
benefit analyses for the design case, Weibull 10-yr, and another severe case, for which 
the Weibull 100-yr has been selected. Analysis o f the design case, Weibull 10-yr, was 
done in the previous section, and the next sections will be about loss and system 
improvement due to other storms, from Weibull 10-yr to NOAA 500-yr.
Weibull 100-yr Storm
The 100-yr Weibull storm provides a rainfall intensity of 3.13 inches in one hour, 
which is equivalent to 7.76 inches in 24-hrs. This rainfall storm depth is included within 
the range of 50-yr storm per NOAA Atlas-14. This system mode was subjected to this 
rainfall storm and appeared to be insufficient to handle this storm, as expected, due to 
knowing of system failing under Weibull 10-yr Storm.
The system experienced flooding at 42 junctions throughout the system, 
producing a total flooding volume o f 2,770,000 gallon of rain water, which is 
approximately sixteen times larger than the flooded volume o f Weibull 10-yr storm. The 
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Figure 10: SCS Type II Time Series of Weibull 100-yr Strom
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For the purpose of comparison, the system model was adjusted for a Weibull 100- 
yr Storm using PC-SWMM and inserted into the spreadsheet for determining its 
improvement-cost estimate, and appeared to be approximately $27,950,000. This 
improvement-cost estimate is more than the overall reconstruction cost o f the project, 
almost equivalent to 25% of the total area’s developed value. The overall reconstruction 
of the existing drainage system is estimated at $26,637,700.
Since there are no specific records or evidence of any storm information that 
impacted the study area therefore, this report went outside o f the study area and 
investigated broader areas throughout the city and state. The following procedures or 
guidelines were implemented to obtain the historical impact o f  storms on the study area.
1. Investigated most of the relatively recent storms that came through Virginia and 
caused damage to the city and the study area.
2. Addressed most o f the storm information of rainfall depth, damage value, wind 
speed, impacted-location and other information that benefiting this analysis.
3. Rainfall storms were classified per their rainfall depths and in accordance with 
NOAA Atlas 14.
4. If there is no damage value recorded for the City of Newport News, then it 
interpolated from the overall state damage value. The interpolation of damage 
value between the city and state was based on ten common factors between the 
two. Those common factors are as shown in the table below and resulted in the 
city/state ratio o f 2.033%.
Table 15: Common Factors between the City and the State
Item NN VA ratio
1. Population 2012(1,000) 180.726 8,185.87 2.208%
2. Housing units, 2012 (1,000) 77 3,398 2.268%
3. Private nonfarm establishments 3,702 191,063 1.938%
4. Total number of firms, 2007 10,746 638,643 1.683%
5. Manufactures shipments, $M 4,702.70 92,714.8 5.072%
6. Merchant wholesaler sales, $M 901.976 60,513.4 1.491%
7. Retail sales, $M 2,431.26 105,663 2.301%
8. Accommodation and food services, $M 329 15,340.5 2.145%
9. Building permits, 2012 287 27,278 1.052%
10. Land area, sq. mile 68.71 39,490 0.174%
Average = 2.033%
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5. Determined the proportional damage values o f the site and the city was based on 
the land-area. The whole city land area is 68.71 sq. miles, while the site’s area is 
0.342 sq. miles (approx. 219 acres) and corresponding site/city ratio = 0.5%.
6. All the storm damage values were adjusted to 2012 damage-value, using the 
property assessed values reported by Census of Housing, 1940 to 2000 (US- 
Census, 2012) and the City o f Newport 25-year Assessment History (NN- 
Assossor's Office, 2012).
7. For the storm damage that happened between 1988 and 2012, only one factor, 
which is the city assessed property value, was used for their 2012 damage-value. 
If the storm damage happened before 1988, two factors were used for 
determination of their 2012 damage-value: one factor was from the year of 
accurance to 1988, then the City factor was used from there to 2012. The table 
below shows the estimated damage values caused by historical storms to the 
studied site.
Table 16: Hurricane-Caused Damage Values














Ernesto 8/29/2006 118 2.399 5" - 8" 25-yr 11,995 13,914
Cindy 7/(7 -  8)/ 2005 NA — 3" - 5" — 0 . . .
Gaston 8/30/2004 130 2.643 7.4" 25-yr 13,215 20,879
Charley 8/14/2004 1,400 28.462 8.17
12hrs
100-yr 142,310 224,850
Isabel 9/18/2003 1,900 83.000 3.7” 415,000 713,800
Floyd 9/(15-21)/ 1999 255 32.000 16.577
week
500-yr 160,000 332,800
Dennis 9 /(4 -5 )/ 1999 8 0.163 3.23* 2-yr 813 1,691
Bonnie 8/27/1998 24 0.488 3.59"/
6hrs*
10-yr 2,440 5,245
Fran 9/(5 -6 ) /  1996 350 7.116 8" 50-yr 35,578 80,761
Agnes 6/21/1972 222 4.513 NA — 22,566 102,090
Dorian 8/27/1971 0.375 0.008 3" i-yr 38 180
Camille 8/20/1969 113 2.297 NA* 11,486 57,961
Cleo 9/1/1964 NA — 11.4" 200-yr 0 —
Donna 9/12/1960 NA — 4" - 8" 10-yr 0 —
Gracie 9/30/1959 — 6.79" 25-yr 0 —
Diane 8/17/1955 2 0.030 6" 10-yr 152 1,074
Connie 8/(12-13)/ 1955 1 0.020 5.62" 5-yr 102 716
Hazel 10/15/1954 1,500 30.495 NA 0 152,475 1,109,866
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8. Then, a table of storm estimated damage values was created. The table identifies 
the storm probability return periods (year) with their assigned historical damage 
value. Return-period storms were assigned to each event per their reported depth 
of rainfalls, as shown in the table below.
Table 17: Storm Estimated Damage Values
Storms 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr
Damage Value $1,691 $716 $5,245 $20,879 $80,761 $224,850 $332,800
9. With these storm damage values, another table was created to show flood volume 
damage values ($/gal) o f all rainfall that flooded their respective flooded area.
Table 18: Flood-Volume Damage-Values
NOAA 10-yr 25-yr 50-yr 100-yr 500-yr
Weibull 10-yr — 100-yr — —
Rainfall
in/24-hr 5.25 6.86 7.76 9.30 12.90
Jns Flooded 9 34 42 47 51
Flood Vol. 10A6 gal 10A6 gal 10A6 gal 10A6 gal 10A6 gal
J1 — 0.045 0.089 0.180 0.431
J2 — — 0.005 0.078 0.267
J3 — — 0.004 0.080 0.269
J4 — 0.035 0.078 0.157 0.340
J5 0.022 0.119 0.160 0.233 0.409
J6 0.019 0.123 0.169 0.239 0.411
J7 0.017 0.119 0.163 0.235 0.407
J8 0.016 0.118 0.158 0.231 0.405
J9 — 0.084 0.125 0.197 0.367
J10 0.006 0.104 0.146 0.219 0.386
J l l 0.037 0.142 0.179 0.247 0.416
J12 0.036 0.140 0.177 0.247 0.415
J13 — 0.050 0.090 0.158 0.315
J14 — 0.049 0.088 0.155 0.310
J15 — . . . 0.021 0.088 0.239
J16 — 0.014 0.051 0.115 0.253
J17 — — — 0.059 0.182
J18 — — — 0.051 0.169
J19 — — — 0.054 0.161
J20 — — 0.007 0.062 0.167
J21 — — 0.021 0.074 0.166
J22 — — 0.019 0.072 0.162
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Table 18, continued:
NOAA 10-yr 25-yr 50-yr 100-yr 500-yr
Weibull 10-yr — 100-yr — —
Rainfall
in/24-hr 5.25 6.86 7.76 9.30 12.90
Jns Flooded 9 34 42 47 51
Flood Vol. 10A6 gal 10A6 gal 10A6 gal 10A6 gal 10A6 gal
J23 — 0.012 0.040 0.091 0.170
J24 — 0.011 0.038 0.088 0.165
J25 — 0.015 0.042 0.092 0.157
J26 — 0.022 0.048 0.099 0.157
J27 — 0.020 0.046 0.097 0.142
J28 — 0.006 0.033 0.084 0.123
J29 — — — — 1.950
J34 — — — — 0.002
J39 — 0.015 0.031 0.056 0.074
J40 — — — 0.059 0.471
J41 — — — — 0.026
J43 — — — — 0.019
J49 — 0.076 0.104 0.167 0.300
J50 — 0.027 0.056 0.119 0.252
J51 — 0.016 0.044 0.101 0.224
J52 — — — 0.034 0.140
J53 0.015 0.079 0.099 0.140 0.252
J54 — 0.025 0.046 0.089 0.199
J55 — 0.008 0.032 0.076 0.182
J56 0.002 0.055 0.075 0.118 0.227
J57 — — 0.007 0.050 0.156
J58 — — 0.016 0.059 0.164
J59 — 0.014 0.034 0.077 0.179
J60 — 0.002 0.021 0.064 0.164
J61 — 0.024 0.044 0.088 0.188
J62 — 0.032 0.054 0.102 0.195
J63 — 0.028 0.020 0.096 0.190
J64 — 0.031 0.056 0.104 0.189
J65 — 0.009 0.034 0.082 0.162
T. Vol = 0.170 1.669 2.770 5.463 13.466
Out Q, cfs = 433.76 456.56 476.28 497.24 521.52
10. Another table of junction property values was created to show the improved land 
value associated with each junction. Then, the financial-value of each junction 
flooding impact would be known. This table is shown under Appendix A, Table 
A.3.
11. The next table summarizes all factors together, from flood volumes to case 
improvement scenarios, flood values ($/gal), land values, system capacities, 
system efficiencies and the relationships between them.
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12. Improvement-cost estimates of Weibull 10- and 100-yr storms were calculated, 
while other storms improvement-cost estimates were interpolated from these two 
estimates, based on their volume o f flooding.













Rainfall Depth in/24-hr 5.25 6.86 7.76 9.30 12.90
9 Jns 34 Jns 42 Jns 47Jns 51 Jns
Status Flooded Flooded Flooded Flooded Flooded
Flood Vol (gal 10A6) = 0.170 1.669 2.770 5.463 13.466
Out Q, cfs 433.76 456.56 476.28 497.24 521.52
Flood Vol (gal) 170,000 1,669,000 2,770,000 5,463,000 13,466,000
Flood Vol Ratio 0.01 0.12 0.21 0.41 1.00
Storm Damage Value, $ $5,245 $20,879 $80,761 $224,850 $332,800
Storm Damage Ratio 0.02 0.06 0.24 0.68 1.00
Flood Damage Value, $/gal 0.03 0.01 0.03 0.04 0.02
System Improv. Cost $1,379,487 $14,140,640 $27,949,912 $49,930,890 $125,426,246
System Improv. Ratio 0.01 0.11 0.22 0.40 1.00
Land Value 24,356,172 75,497,734 92,870,859 97,627,031 102,594,297
Storm Damage/Improv. Cost 0.38% 0.15% 0.29% 0.45% 0.27%
System Flow Ratio 0.83 0.88 0.91 0.95 1
Improv. cost/Land value Ratio 0.05 0.15 0.24 0.42 0.99
Flood-V ol//Impro v-Cost 0.12 0.12 0.10 0.11 0.11
Land Value/Flood Vol. 143 45 34 18 8
Land-Value/Improv-Cost $17.66 $5.34 $3.32 $1.96 $0.82
S ystem  A ssessm en t
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Figure 11: Drainage System Assessments
59
Cost Analysis
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Figure 12: System Cost Analysis
System Cost-Beneflt Analysis
Based on the improvement-cost estimates determined under previous sections, it 
appeared that case scenario 4 or 4a, depending of their conditional-use, are the most 
practical and economical choices. These improvement-cost scenarios were created to 
upgrade or improve the system so that can handle the 10-yr Weibull storm. The minimum 
improvement-cost estimate is $1,379,500 per case scenario 4.
The goal o f this study to prove that the selected improvement case scenario is the 
most practical and economical case scenario, and the used Weibull 10-yr Storm is the 
most viable storm. Also, the goal is to know if there is more improvement cases 
somewhere along the system if different rainfall storms were used and/or the locations of 
the system improvements were changed.
The created scenarios were for improving the system to satisfy Weibull 10-yr 
storm. If the system improved for different storms than Weibull 10-yr storms, 
approximately by ±  20%, what will happen? A Weibull 10-yr minus 20% storm delivers 
4.2 inches in 24-hrs, which is a NOAA 5-yr Storm; the system will be capable of 
handling this storm, so no improvement is needed and the system will stay as is. A 
Weibull 10-yr plus 20% storm delivers 6.3 inches in 24-hrs, which is a NOAA 25-yr 
Storm (low-range), the system will fail by showing flooding at approximately 25 
junctions or more. Also, notice from Figure 12 a decrease o f land-value/improvement- 
cost as the rainfall return storms increased to higher than a Weibull 10-yr Storm.
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CHAPTER VI 
CONCLUSION, RECOMMENDATION AND DECISION 
Conclusions
This study was performed to analyze and assess an existing drainage system located in 
downtown Newport News. For proper completion o f this system analysis and assessment, 
several tasks were performed. Those tasks included field investigations, obtaining all 
available system data from the city’s GIS, and getting historical rainfall data from 
Norfolk International Airport, as well as searching city and state online available data for 
obtaining information related to historical storm damages. Upon completion of the 
system analysis and assessment, the following conclusions were gathered for each 
section.
Drainage System and Rainfall Frequency Analysis:
>  The studied drainage system is relatively long and deep, with a mild slope for 
the most part, and encounters a few reverse pipe segments.
> Sub-catchment areas are relatively flat and heavily developed. Some 
engineering judgments were needed for delineation of their boundary lines.
> The drainage system is tidal for most part and its outfall is subject to tail-water 
fluctuation on a daily basis, almost two highs and two lows in 24-hour. System 
tidal portions extend from the outfall to J n l7 along Marshall Ave for elevation 
0 .00 .
> The historical rainfall data of Norfolk International Airport was used for the 
area’s rainfall frequency analysis and Kolmogorov-Smimov’s K-S Test was 
used for determination of rainfall data normality distribution and goodness of 
fit, and it found that the rainfall data is normally distributed.
> Weibull, Hazen, Gringorten and Sevruk & Geiger were used for determining 
probability distributions o f the historical rainfall data. It appeared that the
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rainfalls were slightly different from each other for the higher return periods, 
but equal or had less variation for the lower return periods.
>  The Weibull method provides the more severe rainfall depths than the other 
used methods. Therefore, Weibull has been used for analyzing and assessing the 
drainage system.
> Overall, NOAA Atlas 14 has slightly higher rainfall depths than the used 
Weibull rainfalls due to the inclusion of severe hurricane rainfalls in the 
Norfolk International Airport rainfall data.
> The rainfall values determined from the Extreme Distribution formula 
corresponds with a 50% probability of excedance for each return period, taking 
into consideration the complete normality of the rainfall data. For this reason, 
this method of rainfall distribution is not recommended for use in this study.
System Calibration and Analysis:
>  For the purpose of calibrations, water-marks were installed at four junctions, 
two on Marshall Avenue, Jn34 and J n l7, and two on 16th Street, Jn46 and Jn48. 
The system was calibrated for the recorded rainfall of October 9th, 2013, using 
the same day and time o f recorded tidal fluctuation data at the outfall.
>  System analysis was initiated by subjecting the system model to storms higher 
than the calibrated-use storm to determine the maximum system capacity. The 
system initiates flooding at storms of five (5) inches/24-hr.
>  It is concluded that current system is not capable o f handling the Weibull 10-yr 
storm, 5.25 inches in 24-hr (low range o f NOAA 10-yr storm), and required in 
this study for improving the drainage system to achieve this capacity.
>  The drainage system might be initially designed and constructed for a 10-yr 
storm, considering the area (initial hydrology) was developed at imperviousness 
of 36% or lower. As allowed by the City of Newport for all areas developed at 
36% or less, there is no requirement for achieving water quality. This particular 
requirement is active only until June 30, 2014; then after all development and/or 
redevelopment will be subjected to the new regulation by DEQ.
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> The current hydrologic calculation is based on the area’s existing overall 
imperviousness of 43%, assuming it is increased by 7% from the initial 
imperviousness o f 36%. Therefore, if the system model is back-calculated to the 
initial hydrology of 36%, the current NOAA 5-yr storm criterion, which the 
system can handle it adequately, could be considered as a 10-yr storm back then 
or no much less than that.
>  For adjusting the existing system hydraulic, which is still the initial hydraulic, 
to handle existing hydrologic cover o f 43%, the existing system hydraulic needs 
to be upgraded in order to handle the initial design-rainfall plus 7%. Assuming 
the system was initially designed for 4.82 inches in 24-hrs, the mid-range 
between the 4.63 inch/24-hr (5-yr storm) and 5 inches/24-hrs, the existing 
system should be improved to handle the initial storm plus 7%, which is the 
equivalent o f 5.16 inches/24-hrs in order to handle the current hydrology.
System Optimization and Improvements:
> Excel Solver was used to adjust the system piping parameters and to solve the 
system problem through bringing the HGLs down to or below junction rim 
elevations. The goal of the optimization technique was to economically correct 
the system deficiency.
> Excel Solver was established using all required formulas for calculating HGLs 
from outfall to the upstream ends. As a verification of the Excel Solver, the PC- 
SWMM discharges were used in the spreadsheet for calculating HGLs and 
produced similar results to PC-SWMM, which indicate that the Excel Solver 
uses a similar HGL calculation technique.
> The Excel Solver was fed with the Weibull 10-yr storm system discharges and 
then run for the selected objective function (improvement-cost) with decision 
variables and general constraints, and resulted in random increase of pipe areas 
throughout the system pipe lines with keeping HGLs at or below junction rim 
elevations.
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> The random increase o f pipe areas throughout the system, which may provide 
feasible solutions numerically, is not accepted, as such random increase is not 
practically and economically considerable. Therefore, this study created some 
improvement-cost scenarios by increased pipe-link areas in the system that 
where acceptable for construction, both practically and economically. These 
improvement-cost scenarios were created with Excel Solver using additional 
constraints.
> Based on the separate breakdown of each case scenarios, the used unit prices 
($/LF/SF) criterion in the Excel Solver is acceptable and provides reasonable 
cost estimates. For example, the Excel Solver’s improvement cost estimates of 
Case Scenarios 2 and 4 are $1,895,513 and $1,379,487; while in the item 
breakdown table they are $1,909,275 and $1,378,710, respectively, and are 
reasonably close to each other.
> The improvement-cost estimates associated with each scenario are as shown 






> Case Scenario 1 was created only to show the first run o f the optimization 
spreadsheet using general constraints; otherwise, it is not recommended for the 
drainage system improvement.
>  Scenarios 2, 3 and 4 are practical and recommendable for system improvement 
depending on their cost effectiveness.
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System Loss Analysis:
>  Based on the recent historical records, the most impactful storm event from a 
financial aspect was Isabel in September 18, 2003, which affected 100 localities 
throughout Virginia. Its damage value was estimated at $1.9 billion in total, 
from which $83 million was reported for the City of Newport New. The 
damage value of the studied area was proportionally rated at $415,000. The 
amount of rainfall during Isabel was not significant and was reported at 3.7 
inches.
> The most recent hurricane that brought the largest amount o f rainfall to the area 
was hurricane Floyd in September 15, 1999, which impacted southeast Virginia 
and caused approximately $255 million damage. $32 million was reported in 
the city of Newport News alone. The amount o f rainfall measured for the area, 
including the study area, was approximately 16.57 inches in 7-days, which is 
equivalent to a 500-yr Storm.
> Loss analysis indicated that the system improvements-cost estimates for storms 
higher than the 10-yr measure are becoming very expensive, and their 
consideration for system improvement is not beneficial.
Cost-Benefit Analysis:
>  System improvement estimates associated with a Weibull 10-yr storm is 
reasonable compared with higher storm’s improvement estimates since a 
Weibull 10-yr case improvement provides a higher land-value/improvement- 
cost ratio with less or negligible change of the flood-volume/improvement-cost 
ratio.
> Using storms different than Weibull 10-yr is not beneficial for improving the 
drainage system investigated in this study.
> The improvement case scenarios were created at the middle portion of the 
studied drainage system to improve the overall system capacity, where all 
branch flows merge together and move downstream of the system. Reflecting 
such a characteristic o f target location, the target areas appeared to be the most 
practical and economical areas for system improvement. If  the system is
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improved upstream of the target location, it will be more expensive due to 
conflicts with other existing utilities, especially sanitary and water-main lines, 
and due to the need for traffic control. Also, it will be relatively more expensive 
to create improvement cases downstream of target location, due to the impact 
on Chesapeake Bay Preservation Area (CBPA) and the need for the city, state 
and federal permits.
System Improvement Benefits:
>  Elimination of 170,000 gallon of rainfall flooding-volume around nine 
junctions along Marshall Avenue.
> Upgrade the existing drainage system to meet the city required design standard 
of a 10-yr storm.
> Less severity in flooding problems from other storms that are higher than the 
Weibull 10-yr Storm.
> Less driving-inconvenience during rainfall events
> Less technical and management issues for the developer o f the 29 acres o f land 
located at the downstream area o f the studied drainage system, particularly in 
improvement case scenario 4A.
Recommendation
Based on the overall output o f this analysis, the functionality o f the project drainage 
system, the nature o f the area, the design criteria adopted by the city o f Newport News, 
regulations and engineering judgments, the following recommendation were proposed.
> The use of rainfall data of Norfolk International Airport is acceptable and 
adequate for performing rainfall frequency analysis.
> The Kolmogorov-Smimov Test is suitable for performing probability 
estimations using empirical data with their normality distribution and goodness 
of fit.
>  The 10-yr rainfall determined by the Weibull formula is acceptable for assessing 
and analyzing the studied drainage system and other drainage systems 
throughout the city.
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> For upgrading the existing drainage system to handle the existing hydrology 
(43%), the system model should be capable o f handling a rainstorm of 5.16 
inches/24-hrs. Therefore, a Weibull 10-yr Storm, which is 5.25 inches/24-hr, is 
suitable for the drainage system analysis.
> Excel Solver is a flexible, efficient and cost-effective computer tool for 
performing the optimization technique.
> Based on results from this drainage system, it is recommended that Excel Solver 
can be utilized further to analyze and estimate other drainage systems 
throughout the city by modifying and/or eliminating of the improvement unit- 
price cell locations.
> For finding more acceptable improvement-cost scenarios using Excel Solver, it 
is recommended to consider additional general constraints in this and future 
studies.
> It is recommended to improve the system using the Weibull 10-yr Case 
Scenario 4 with the improvement-cost estimate o f $1,379,500 ($6,300/acre) or 
Case Scenario 4A with the improvement-cost estimate o f 1,428,100 
($6,521/acre). Case Scenario 4 serves the total drainage area o f 219 acres, while 
4A serves a total drainage area o f 236 acres.
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Decision
Based on the conclusions and recommendations stated before, it is the best judgment of 
this study deciding that the selection of Scenario 4 or 4A is an optimal improvement case 
scenario for solving the system drainage capacity issue under Weibull 10-yr Storm. The 
rationales that strongly support this decision are:
>  The system improvement-cost estimate with this case scenario ($1,379,500 for 
Case 4 or $1,428,100 for Case 4A) is lower than all of the studied improvement 
case scenarios.
> Based on the system hydrology and hydraulic analysis, and upgrading the 
current system hydraulic based on the initial hydrology, it appears that the 
Weibull 10-yr storm is a reasonable storm to be used for this drainage system 
improvement.
>  Based on the land-value/improvement-cost ratio, it appears that the selected 
Case Scenario 4 is relatively the most economical one that can save more 
property value. For each $1 spent o f this case would save $17.66 o f property 
value, while for others are significantly less than that and as shown below:
Storm ______  $ Land-Value
10-yr Weibull $17.66
25-yr NOAA $5.34
50-yr NOAA or 100-yr Weibull $3.32
100-yr NOAA $1.96
500-yr NOAA $0.82
> Changing rainfall retum-periods or the location of improvement, downstream or 
upstream of Case Scenario 4, is not beneficial.
> Therefore, the selected Case Scenario 4 is the most PRACTICAL and 
ECONOM ICAL one to be used for this drainage system improvement. This 
case is an OPTIMAL case scenario.
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APPENDIX A: SYSTEM INFORMATION
Table A1: System Pipe Network Data 
Table A2: System Sub-catchment Data 
Table A3: Junction Property Developed-Values
Table A 1 : System Pipe Network Data
Structure Pipe
Jn ID Inv. E. Rim. E. Link ID Size, in L. ft Inv. at D/S Slope
J1 6.410 16.060 C-l 21 284 5.7 0.25%
J2 3.080 15.130 C-2 60 50 2.91 0.34%
J3 2.910 15.130 C-3 60 455 1.771 0.25%
J4 1.771 14.150 C-4 66 205 1.61 0.08%
J5 1.610 13.010 C-5 72 68 1.5 0.16%
16 1.500 13.000 C-6 78 192 1.18 0.17%
J7 1.180 13.000 C-l 78 66 1.00 0.27%
J8 1.000 13.020 C-8 78 180 0.85 0.08%
J9 0.850 13.400 C-9 78 80 0.78 0.09%
J10 0.780 13.100 C-10 78 184 0.644 0.07%
J ll 0.644 12.564 C-l 1 78 70 0.6 0.06%
J12 0.600 12.560 C-12 78 201 0.43 0.08%
J13 0.430 13.600 C-13 78 58 0.38 0.09%
J14 0.380 13.600 C-14 78 220 0.198 0.08%
J15 0.198 14.320 C-15 78 296 0.056 0.05%
J16 0.056 13.710 C-16 78 200 -0.037 0.05%
J17 -0.037 14.180 C-17 78 82 -0.087 0.06%
J18 -0.087 14.290 C-18 78 182 -0.192 0.06%
J19 -0.192 13.950 C-19 78 64 -0.23 0.06%
J20 -0.230 13.760 C-20 78 208 -0.352 0.06%
J21 -0.352 13.348 C-21 84 24 -0.36 0.03%
J22 -0.360 13.350 C-22 84 220 -0.41 0.02%
J23 -0.410 12.900 C-23 84 50 -0.42 0.02%
J24 -0.420 12.875 C-24 90 207 -0.54 0.06%
J25 -0.540 12.600 C-25 90 90 -0.59 0.06%
J26 -0.590 12.400 C-26 90 180 0.075 -0.37%
J27 0.075 12.175 C-27 72x113 62 -0.250 0.52%
J28 -0.936 12.264 C-2 8 90 190 -0.883 -0.03%
J29 -0.883 13.330 C-29 90 45 -0.870 -0.03%
J30 -0.870 13.330 C30 90 515 -1.363 0.10%
J31 -1.363 14.937 C-31 90 512 -1.720 0.07%
J32 -1.720 15.930 C-32 96 40 -1.930 0.53%
J33 -1.930 15.650 C-33 96 495 -2.08 0.03%
J34 -2.080 15.120 C-34 96 504 -2.22 0.03%
J35 -2.220 15.500 C-3 5 96 365 -2.32 0.03%
J36 -2.320 12.830 C-36 96 475 -2.45 0.03%
J37 -2.453 9.667 C-3 7 96 465 -2.78 0.07%
Table A l ,  continued
Structure Pipe
Structure Pipe Structure Pipe Structure Pipe Structure Pipe
J38 -2.780 10.970 C-3 8 96 590 -2.88 0.02%
Outl -2.880 5.870 8374
J39 7.747 13.104 C-39 24 250 7.00 0.30%
J40 6.537 13.637 C-40 24 296 5.65 0.30%
J41 5.001 14.201 C-41 36 65 4.81 0.30%
J42 3.454 14.554 C-42 36 40 3.58 -0.32%
J43 3.583 14.203 C-43 42 225 3.25 0.15%
J44 3.252 14.252 C-44 42 64 3.20 0.08%
J45 3.202 14.352 C-45 42 176 2.94 0.15%
J46 2.944 14.884 C-46 48 125 2.24 0.56%
J47 2.242 14.862 C-47 48 210 0.76 0.71%
J48 0.755 15.805 C-48 40 30 0.50 0.85%
J49 5.200 12.630 C-49 24 250 7.75 0.26%
J50 4.555 13.160 C-50 27 32 4.62 -0.21%
J51 4.622 13.160 C-51 36 164 4.42 0.12%
J52 4.421 13.640 C-52 36 295 3.45 0.33%
J53 . 8.890 13.590 C-53 30 174 8.70 0.11%
J54 8.700 14.270 C-54 30 45 8.09 1.36%
J55 8.086 14.460 C-55 36 252 7.16 0.37%
J56 7.160 13.710 C-56 42 215 6.45 0.33%
J57 6.450 14.450 C-57 48 80 6.14 0.39%
J58 6.135 14.285 C-58 48 172 5.82 0.18%
J59 5.822 13.950 C-59 48 44 5.64 0.40%
J60 5.644 14.084 C-60 48 40 5.71 -0.16%
J61 5.708 13.760 C-61 48 192 5.71 0.00%
J62 5.706 13.420 C-62 48 24 5.70 0.01%
J63 5.704 13.424 C-63 48 270 5.65 0.02%
J64 5.650 12.900 C-64 48 45 5.50 0.33%
J65 4.950 13.100 C-65 40 24 4.80 0.63%


































































J1 SI 8.316 4.241 51% 410 884 16.45 16.060 0.04%
J2 S2 9.940 5.069 51% 450 962 16.00 15.130 0.09%
J3 — 0.000 0.000 ____ ____ ____ 15.130 ____
J4 S4 9.804 3.137 32% 460 928 15.00 14.150 0.09%
J5 S5 5.038 2.217 44% 280 784 14.70 13.010 0.22%
J6 S6 5.916 2.544 43% 280 920 14.70 13.000 0.18%
J7 S7 4.553 2.140 47% 250 793 15.00 13.000 0.25%
J8 S8 5.289 2:486 47% 260 886 15.00 13.020 0.22%
J9 S9 5.110 2.197 43% 260 856 14.80 13.400 0.16%
J10 S10 5.633 2.422 43% 260 944 14.80 13.100 0.18%
J l l S ll 2.481 1.042 42% 130 831 15.00 12.564 0.29%
J12 S12 7.749 3.410 44% 380 888 15.00 12.560 0.27%
JI3 S13 4.953 2.130 43% 260 830 15.50 13.600 0.23%
J14 S14 2.653 1.167 44% 130 889 15.50 13.600 0.21%
J15 S15 5.296 2.489 47% 270 854 16.50 14.320 0.26%
J16 S16 5.099 2.346 46% 270 823 15.20 13.710 0.18%
J17 S17 2.508 1.154 46% 140 780 16.50 14.180 0.30%
J18 S18 2.000 0.700 35% 120 726 16.50 14.290 0.30%
J19 S19 2.084 0.896 43% 140 648 16.00 13.950 0.32%
J20 S20 2.004 0.862 43% 140 624 16.00 13.760 0.36%
J21 S21 3.559 1.174 33% 170 912 15.00 13.348 0.18%
J22 S22 2.653 1.061 40% 140 825 15.00 13.350 0.20%
J23 S23 2.275 1.047 46% 140 708 15.50 12.900 0.37%
J53 S53 2.752 1.073 39% 135 888 15.50 13.590 0.22%
J54 S54 2.469 1.012 41% 135 797 16.25 14.270 0.25%
J55 S55 2.793 1.145 41% 150 811 16.25 14.460 0.22%
J56 S56 5.126 2.358 46% 270 827 16.00 13.710 0.28%
J57 S57 2.492 1.246 50% 130 835 17.00 14.450 0.31%
J58 S58 1.828 0.914 50% 100 796 17.00 14.285 0.34%
J59 — 0.000 0.000 ------- ------- -- ____ 13.950 ____
J60 S60 3.414 1.570 46% 180 826 15.00 14.084 0.11%
J61 S61 2.967 1.394 47% 150 862 15.00 13.760 0.14%
J62 S62 2.286 1.074 47% 120 830 15.00 13.420 0.19%
J63 S63 2.728 1.309 48% 135 880 15.00 13.424 0.18%
J64 — 0.000 0.000 -- ____ -- --- 12.900 --
J65 S65 4.972 2.337 47% 250 866 14.00 13.100 0.10%
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1 8.316 947,176 3,584,778 4,531,954
2 9.940 1,132,146 4,284,836 5,416,982
3 0.000 0 0 0
4 9.804 1,116,656 4,226,210 5,342,866
5 5.038 573,818 2,171,731 2,745,549
6 5.916 673,821 2,550,210 3,224,031
7 4.553 518,578 1,962,662 2,481,239
8 5.289 602,407 2,279,929 2,882,336
9 5.110 582,019 2,202,768 2,784,786
10 5.633 641,587 2,428,217 3,069,805
11 2.481 282,581 1,069,485 1,352,066
12 7.749 882,596 3,340,361 4,222,957
13 4.953 564,137 2,135,090 2,699,227
14 2.653 302,171 1,143,629 1,445,800
15 5.296 603,204 2,282,947 2,886,151
16 5.099 580,766 2,198,026 2,778,792
17 2.508 285,656 1,081,124 1,366,780
18 2.000 227,796 862,140 1,089,936
19 2.084 237,363 898,350 1,135,713
20 2.004 228,252 863,864 1,092,116
21 3.559 405,363 1,534,178 1,939,541
22 2.653 302,171 1,143,629 1,445,800
23 2.275 259,118 980,684 1,239,802
24 2.174 247,614 937,146 1,184,760
25 6.081 692,614 2,621,337 3,313,950
26 4.914 559,695 2,118,278 2,677,973
27 4.419 503,315 1,904,898 2,408,214
28 4.427 504,226 1,908,347 2,412,573
29 1.394 158,774 600,912 759,685
30 8.295 944,784 3,575,726 4,520,510
31 7.285 829,747 3,140,345 3,970,092
32 0.000 0 0 0
33 0.000 0 0 0
34 4.260 490,160 1,855,098 2,345,258
35 1.855 213,438 807,795 1,021,233
36 2.860 329,074 1,245,441 1,574,516
37 1.653 190,196 719,830 910,026
38 1.230 141,525 535,627 677,152
39 1.323 152,226 576,125 728,351
40 2.105 242,203 916,662 1,158,866
41 1.738 199,976 756,845 956,821
42 0.000 0 0 0
43 1.691 194,568 736,378 930,946













45 2.090 240,477 910,130 1,150,608
46 3.454 397,421 1,504,110 1,901,531
47 0.877 100,908 381,906 482,815
48 0.000 0 0 0
49 1.642 188,930 715,040 903,970
50 9.928 1,142,326 4,323,336 5,465,662
51 2.765 318,144 1,204,072 1,522,215
52 0.000 0 0 0
53 2.752 316,648 1,198,411 1,515,059
54 2.469 284,086 1,075,173 1,359,259
55 2.793 321,365 1,216,265 1,537,630
56 5.126 589,803 2,232,214 2,822,017
57 2.492 286,732 1,085,189 1,371,921
58 1.828 210,332 796,037 1,006,369
59 0.000 0 0 0
60 3.414 392,818 1,486,691 1,879,509
61 2.967 341,386 1,292,037 1,633,423
62 2.286 263,029 995,482 1,258,512
63 2.728 313,886 1,187,959 1,501,846
64 0.000 0 0 0
65 4.972 572,083 2,165,152 2,737,235
Total = 219.0 25,028,930 94,726,848 119,755,778
$/acre = 114,297 432,578 546,875
APPENDIX B: ANALYSIS DATA
Figure B1: SCS Type II 24-hour Rainfall Distributions
Figure B2: Approximate Geographic Boundaries for SCS Rainfall Distributions 
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Table B l: SCS Type II 24-hrs NOAA Atlas 14 Rainfall Distributions











t (hr) P/PT A 4.63 5.53 6.86 8.02 9.3 12.9 14.7 5.25 7.76 3.28
0.00 0.000 0.005 0.023 0.028 0.034 0.040 0.047 0.065 0.074 0.026 0.039 0.016
0.50 0.005 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
1.00 0.011 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
1.50 0.017 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
2.00 0.023 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
2.50 0.029 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
3.00 0.035 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
3.50 0.041 0.007 0.032 0.039 0.048 0.056 0.065 0.090 0.103 0.037 0.054 0.023
4.00 0.048 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
4.50 0.056 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
5.00 0.064 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
5.50 0.072 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
6.00 0.080 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
6.50 0.090 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
7.00 0.100 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
7.50 0.110 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
8.00 0.120 0.013 0.060 0.072 0.089 0.104 0.121 0.168 0.191 0.068 0.101 0.043
8.50 0.133 0.014 0.065 0.077 0.096 0.112 0.130 0.181 0.206 0.073 0.109 0.046
9.00 0.147 0.016 0.074 0.088 0.110 0.128 0.149 0.206 0.235 0.084 0.124 0.052
9.50 0.163 0.018 0.083 0.100 0.123 0.144 0.167 0.232 0.265 0.094 0.140 0.059
10.00 0.181 0.020 0.094 0.112 0.139 0.163 0.189 0.262 0.298 0.107 0.158 0.067





0.15411.00 0.236 0.047 0.218 0.260 0.322 0.377 0.437 0.606 0.691
11.50 0.283 0.380 1.759 2.101 2.607 3.048 3.534 4.902 5.586 1.995 2.949 1.246
12.00 0.663 0.072 0.333 0.398 0.494 0.577 0.670 0.929 1.058 0.378 0.559 0.236
12.50 0.735 0.041 0.190 0.227 0.281 0.329 0.381 0.529 0.603 0.215 0.318 0.134





0.06913.50 0.804 0.021 0.097 0.116 0.144 0.168 0.195 0.271 0.309
14.00 0.825 0.017 0.079 0.094 0.117 0.136 0.158 0.219 0.250 0.089 0.132 0.056
14.50 0.842 0.014 0.065 0.077 0.096 0.112 0.130 0.181 0.206 0.074 0.109 0.046
15.00 0.856 0.013 0.060 0.072 0.089 0.104 0.121 0.168 0.191 0.068 0.101 0.043
15.50 0.869 0.012 0.056 0.066 0.082 0.096 0.112 0.155 0.176 0.063 0.093 0.039
16.00 0.881 0.012 0.056 0.066 0.082 0.096 0.112 0.155 0.176 0.063 0.093 0.039
16.50 0.893 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
17.00 0.903 0.010 0.046 0.055 0.069 0.080 0.093 0.129 0.147 0.053 0.078 0.033
17.50 0.913 0.009 0.042 0.050 0.062 0.072 0.084 0.116 0.132 0.047 0.070 0.030
18.00 0.922 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
79
Table B l ,  continued











t (hr) P/PT A 4.63 5.53 6.86 8.02 9.3 12.9 14.7 5.25 7.76 3.28
18.50 0.930 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
19.00 0.938 0.008 0.037 0.044 0.055 0.064 0.074 0.103 0.118 0.042 0.062 0.026
19.50 0.946 0.007 0.032 0.039 0.048 0.056 0.065 0.090 0.103 0.037 0.054 0.023
20.00 0.953 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
20.50 0.959 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
21.00 0.965 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
21.50 0.971 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
22.00 0.977 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
22.50 0.983 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
23.00 0.989 0.006 0.028 0.033 0.041 0.048 0.056 0.077 0.088 0.032 0.047 0.020
23.50 0.995 0.005 0.023 0.028 0.034 0.040 0.047 0.065 0.074 0.026 0.039 0.016
24.00 .1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.00 1.00 4.63 5.53 6.86 8.02 9.30 12.90 14.70 5.25 7.76 3.28
APPENDIX C: OPTIMIZATION INFORMATION
Table C l : First Run of Excel Solver (Weibull 10-yr Storm) 
Table C2: Low Improvement Cost Estimate o f Excel Solver 
Table C3: Drainage Project Bidders Item Unit Prices 
Figure C l: Drainage System Area-Improvement Unit Prices
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C-49 3.1 2.0 2.0 3.1 0.0 0 0 142.50 6 1.8 12.2 250 0.16 1.49 1.06 0.08 11.34 12.65
C-50 4.0 2.3 2.3 4.0 0.0 0 0 142.50 28 7.0 12.12 32 0.26 0.38 1.04 0.30 11.09 13.16
C-51 7.1 3.0 3.0 7.1 0.0 0 0 142.50 32 4.5 11.91 164 0.37 0.36 0.85 0.10 10.54 13.16
C-52 7.1 3.0 3.0 7.1 0.0 0 0 142.50 32 4.5 11.56 295 0.67 1.22 0.84 0.32 10.07 13.64
C-39 3.1 2.0 2.0 3.1 0.0 0 0 142.50 8 2.6 11.44 250 0.33 0.15 0.72 0.01 10.30 13.10
C-40 3.1 2.0 2.0 3.1 0.0 0 0 142.50 12 3.7 11.29 296 0.78 0.27 0.84 0.05 9.96 13.64
C-41 7.1 3.0 3.0 7.1 0.0 0 0 142.50 15 2.1 10.95 65 0.03 0.36 0.75 0.02 9.13 14.20
C-42 7.1 3.0 3.0 7.1 0.0 0 0 142.50 45 6.3 10.91 40 0.18 0.48 0.86 0.26 9.08 14.55
C-43 9.6 3.5 3.5 9.6 0.0 0 0 142.50 48 5.0 10.76 225 0.52 0.79 0.77 0.24 8.64 14.20
C-44 9.6 3.5 3.5 9.6 0.0 0 0 142.50 52 5.4 10.33 64 0.17 0.24 0.76 0.08 7.89 14.25
C-45 9.6 3.5 3.5 9.6 0.0 0 0 142.50 56 5.8 10.19 176 0.54 0.13 0.76 0.05 7.63 14.35
C-46 12.6 4.0 4.0 12.6 0.0 0 0 142.50 63 5.0 9.71 125 0.24 0.13 0.69 0.03 7.04 14.88
C-47 12.6 4.0 4.0 12.6 0.0 0 0 142.50 65 5.2 9.48 210 0.43 0.13 0.71 0.04 6.77 14.86
C-48 8.7 3.3 3.3 8.7 0.0 0 0 142.50 65 7.4 9.11 30 0.16 1.22 0.87 0.91 6.30 15.81
C-53 4.9 2.5 2.5 4.9 0.0 0 0 102.50 17 3.5 13.77 174 0.31 0.14 0.75 0.02 13.59 13.59
C-54 4.9 2.5 2.5 4.9 0.0 0 0 102.50 21 4.3 14.01 45 0.12 0.30 0.79 0.07 13.26 14.27
C-55 7.1 3.0 3.0 7.1 0.0 0 0 102.50 27 3.8 13.98 252 0.42 0.32 0.75 0.05 13.07 14.46
C-56 9.6 3.5 3.5 9.6 0.0 0 0 102.50 38 3.9 13.73 215 0.30 0.24 0.73 0.04 12.60 13.71
C-57 12.6 4.0 4.0 12.6 0.0 0 0 102.50 42 3.3 13.62 80 0.07 0.24 0.71 0.03 12.25 14.45
C-58 12.6 4.0 4.0 12.6 0.0 0 0 102.50 45 3.6 13.58 172 0.17 0.24 0.73 0.03 12.15 14.29
C-59 12.6 4.0 4.0 12.6 0.0 0 0 102.50 45 3.6 13.47 44 0.04 0.13 0.74 0.02 11.95 13.95
C-60 12.6 4.0 4.0 12.6 0.0 0 0 102.50 51 4.0 13.44 40 0.05 0.24 0.75 0.05 11.88 14.08
C-61 12.6 4.0 4.0 12.6 0.0 0 0 102.50 56 4.5 13.38 192 0.29 0.31 0.74 0.07 11.79 13.76
C-62 12.6 4.0 4.0 12.6 0.0 0 0 102.50 62 4.9 13.13 24 0.06 0.24 0.72 0.07 11.43 13.42
C-63 12.6 4.0 4.0 12.6 0.0 0 0 102.50 69 5.5 13.06 270 0.62 0.58 0.72 0.19 11.30 13.42
C-64 12.6 4.0 4.0 12.6 0.0 0 0 102.50 69 5.5 12.42 45 0.10 1.32 0.69 0.42 10.49 12.90
C-65 9.9 3.6 3.3 8.7 1.2 15 3,027 102.50 81 8.1 12.30 24 0.19 1.36 0.77 1.09 9.97 13.10
C-l 3.1 2.0 1.8 2.4 0.7 11 15,067 73.60 19 6.0 15.09 284 1.98 0.14 1.21 0.09 16.06 16.06
C-2 19.6 5.0 5.0 19.6 0.0 0 0 73.60 58 2.9 13.69 50 0.02 0.68 0.79 0.07 13.99 15.13
C-3 19.6 5.0 5.0 19.6 0.0 0 0 73.60 95 4.8 13.67 455 0.60 0.23 0.79 0.07 13.89 15.13
C-4 23.8 5.5 5.5 23.8 0.0 0 0 73.60 103 4.3 13.29 205 0.19 0.12 0.78 0.03 13.23 14.15
C-5 30.7 6.3 6.0 28.3 2.5 21 12,386 73.60 131 4.2 13.26 68 0.05 0.16 0.73 0.03 13.01 13.01
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C-49 3.14 2 2.00 3.14 0.00- 0 0 142.50 5.76 1.83 12.2 250 0.16 1.49 1.06 0.08 10.06 12.65
C-50 3.98 2.25 2.25 3.98 0.00 0 0 142.50 27.87 7.01 12.12 32 0.26 0.38 1.04 0.30 9.81 13.16
C-51 7.07 3.00 3.00 7.07 0.00 0 0 142.50 31.75 4.49 11.91 164 0.37 0.36 0.85 0.10 9.26 13.16
C-52 7.07 3.00 3.00 7.07 0.00 0 0 142.50 31.75 4.49 11.56 295 0.67 1.22 0.84 0.32 8.79 13.64
C-39 3.14 2.00 2.00 3.14 0.00 0 0 142.50 8.21 2.61 11.44 250 0.33 0.15 0.72 0.01 9.02 13.10
C-40 3.14 2.00 2.00 3.14 0.00 0 0 142.50 11.62 3.70 11.29 296 0.78 0.27 0.84 0.05 8.68 13.64
C-41 7.07 3.00 3.00 7.07 0.00 0 0 142.50 14.93 2.11 10.95 65 0.03 0.36 0.75 0.02 7.85 14.20
C-42 7.07 3.00 3.00 7.07 0.00 0 0 142.50 44.82 6.34 10.91 40 0.18 0.48 0.86 0.26 7.80 14.55
C-43 9.62 3.50 3.50 9.62 0.00 0 0 142.50 48.23 5.01 10.76 225 0.52 0.79 0.77 0.24 7.36 14.20
C-44 9.62 3.50 3.50 9.62 0.00 0 0 142.50 51.97 5.40 10.33 64 0.17 0.24 0.76 0.08 6.60 14.25
C-45 9.62 3.50 3.50 9.62 0.00 0 0 142.50 55.63 5.78 10.19 176 0.54 0.13 0.76 0.05 6.35 14.35
C-46 12.57 4.00 4.00 12.57 0.00 0 0 142.50 62.87 5.00 9.71 125 0.24 0.13 0.69 0.03 5.76 14.88
C-47 12.57 4.00 4.00 12.57 0.00 0 0 142.50 64.90 5.16 9.48 210 0.43 0.13 0.71 0.04 5.49 14.86
C-48 8.72 3.33 3.33 8.72 0.00 0 0 142.50 64.92 7.44 9.11 30 0.16 1.22 0.87 0.91 5.02 15.81
C-53 4.91 2.50 2.50 4.91 0.00 0 0 102.50 17.33 3.53 13.77 174 0.19 0.14 0.75 0.02 13.59 13.59
C-54 4.91 2.50 2.50 4.91 0.00 0 0 102.50 21.18 4.31 14.01 45 0.12 0.30 0.79 0.07 13.40 14.27
C-55 7.07 3.00 3.00 7.07 0.00 0 0 102.50 27.16 3.84 13.98 252 0.42 0.32 0.75 0.05 13.21 14.46
C-56 9.62 3.50 3.50 9.62 0.00 0 0 102.50 37.88 3.94 13.73 215 0.30 0.24 0.73 0.04 12.74 13.71
C-57 12.57 4.00 4.00 12.57 0.00 0 0 102.50 42.06 3.35 13.62 80 0.07 0.24 0.71 0.03 12.39 14.45
C-58 12.57 4.00 4.00 12.57 0.00 0 0 102.50 45.16 3.59 13.58 172 0.17 0.24 0.73 0.03 12.29 14.29
C-59 12.57 4.00 4.00 12.57 0.00 0 0 102.50 45.15 3.59 13.47 44 0.04 0.13 0.74 0.02 12.09 13.95
C-60 12.57 4.00 4.00 12.57 0.00 0 0 102.50 50.80 4.04 13.44 40 0.05 0.24 0.75 0.05 12.03 14.08
C-61 12.57 4.00 4.00 12.57 0.00 0 0 102.50 56.14 4.47 13.38 192 0.29 0.31 0.74 0.07 11.93 13.76
C-62 12.57 4.00 4.00 12.57 0.00 0 0 102.50 61.86 4.92 13.13 24 0.06 0.24 0.72 0.07 11.57 13.42
C-63 12.57 4.00 4.00 12.57 0.00 0 0 102.50 68.67 5.46 13.06 270 0.62 0.58 0.72 0.19 11.44 13.42
C-64 12.57 4.00 4.00 12.57 0.00 0 0 102.50 68.71 5.47 12.42 45 0.10 1.32 0.69 0.42 10.63 12.90
C-65 8.71 3.33 3.33 8.71 0.00 0 0 102.50 80.98 9.30 12.30 24 0.27 1.38 0.80 1.49 10.11 13.10
C-l 2.41 1.75 1.75 2.41 0.00 0 0 73.60 18.75 7.80 15.09 284 0.71 0.16 1.31 0.19 14.62 16.06
C-2 19.63 5.00 5.00 19.63 0.00 0 0 73.60 57.59 2.93 13.69 50 0.02 0.68 0.79 0.07 13.91 15.13
C-3 19.63 5.00 5.00 19.63 0.00 0 0 73.60 94.51 4.81 13.67 455 0.60 0.23 0.79 0.07 13.81 15.13
C-4 23.76 5.50 5.50 23.76 0.00 0 0 73.60 102.55 4.32 13.29 205 0.19 0.12 0.78 0.03 13.15 14.15
C-5 28.27 6.00 6.00 28.27 0.00 0 0 73.60 130.51 4.62 13.26 68 0.06 0.16 0.74 0.04 12.93 13.01
C-6 33.18 6.50 6.50 33.18 0.00 0 0 73.60 136.42 4.11 13.23 192 0.13 0.23 0.71' 0.04 12.83 13.00
ver
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1 Mobilization/Demob 1 LS 71,456 160,000 38,800 88,000.0 115,000 25,000 120,000 170,000 38,000 19,545
2 Construction Stakeout 1 LS 4,773 5,200 3,590 4,500.0 9,174 5,000 6,000 10,000 8,500 4,635
3 Traffic Control LS 36,284 18,000 27,000 25,000.0 31,250 12,000 35,000 40,000 15,500 11,627
4 Site Demolition 1 LS 29,504 165,000 32,100 10,000.0 54,483 5,000 25,000 25,000 24,000 16,575
5 Clearing/Grubbing 1 LS 3,725 30,000 17,900 8,000.0 1,063 5,000 15,000 20,000 12,000 5,390
6 Erosion Control 1 LS 15,328 11,000 2,230 6,000.0 6,231 5,000 12,000 40,000 14,000 4,600
7 GC-6 Curb & Gutter 50 LF 25 33 42 50.0 50 32 30 100 30 25
8 Sidewalk (4 inch) 35 SY 65 55 66 50.0 50 48 50 85 45 38
9 SM-9.5A, 2" 200 CY 200 285 202 250.0 253 135 190 225 220 183
10 BM-25, 6" 360 CY 171 270 183 250.0 229 135 170 200 200 150
11 21A Aggregate, 8" 350 CY 43 76 79 60.0 61 65 45 100 75 47
12 6" Waterline Offset 1 EA 4,715 19,000 6,240 5,000.0 8,825 4,500 7,500 5,000 7,500 7,130
13 8" Waterline Offset 2 EA 5,248 19,500 6,800 8,000.0 '. 9,855 6,000 7,500 7,000 8,500 8,149
14 Dl-2 Curb Inlet 2 EA 3,795 6,500 5,950 10,500.0 10,251 4,500 4,500 8,000 6,800 5,460
15 Dl-3 Curb Inlet 4 EA 3,603 6,000 3,940 9,500.0 9,254 4,500 3,800 9,000 6,500 6,840
16 JB-1 6 EA 11,579 20,000 11,200 17,000.0 17,545 20,000 10,000 12,000 27,000 19,315
17 JB-1 with Dl-3 Top 1 EA 18,249 25,000 14,500 20,000.0 56,690 35,000 12,000 14,000 29,000 21,265
18 MH-2 1 EA 14,069 14,000 12,100 15,000.0 18,100 14,000 8,500 11,000 18,000 16,650
19 Oil/Water (0 - 8 ft) 1 EA 8,080 24,000 34,400 88,000.0 31,044 24,000 15,000 30,000 29,000 18,230
20 Oil/Water Separator 7 EA 11,643 28,000 23,300 99,000.0 21,008 27,500 40,000 35,000 42,000 25,195
21 Oil/Water Separator 3 EA 26,330 105,000 70,300 138,000 91,621 90,000 75,000 75,000 60,000 48,925
22 15 inch RCP 122 LF 80 130 79 350.0 199 80 50 100 125 204
23 18 inch RCP 66 LF 81 140 98 65.0 205 95 60 150 135 212
24 48 inch RCP 48 LF 171 580 350 175.0 346 625 150 295 385 442
25 48 inch DIP 87 LF 363 500 570 700.0 651 700 500 400 2,400 680
26 54 inch RCP 482 LF 183 600 453 275.0 695 450 400 395 980 480
27 60 inch RCP 559 LF 219 520 641 300.0 402 370 420 485 650 331
28 Connection to Ex St. 1 EA 1,659 13,000 15,500 7,500.0 1,515 11,000 25,000 35,100 65,000 6,075
29 (VDOT No. 57) 70 CY 56.0 115 51 70.0 65 90 40 80 85 55
30 Backfill/Compaction 3,205 CY 14.3 26 4 15.0 25 8 7 7 25 10
31 Select Fill 1,365 CY 16 40 20 30.0 25 32 12 25 30 18
32 Topsoil and Seeding 1 LS 2,347 6,500 1,880 21,000.0 5,240 3,500 5,000 15,000 15,000 4,313
33 Utility Adjustment 1 LS 750 6,500 12,400 2,500.0 7,575 10,000 15,000 10,000 22,000 5,442
34 Cleaning 84" Pipe 1 LS 32,576 275,000 263,000 200,000.0 241,340 235,000 220,000 150,000 278,000 236,450
35 IM-1A2" 5 CY 184 280 541 500.0 250 160 500 500 200 216
36 Milling 1,390 SY 5 4 6 10.0 6 1 5 5 5 5
86
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D l: PC-SWMM Calibration Run
D2: PC-SWMM Weibull 10-yr Base Scenario
D3: PC-SWMM Weibull 10-yr Low Improvement-Cost Scenario
D l: PC-SWMM Calibration Run
I?A  STORM BATES HAKAGEMEKT MODEL -  VERSION 5 . 0  ( B u i ld  5 . 0 . 0 2 2 )
5 x .ax jc -a t.c r I f  r a * t r u c t u r e  O p t i m i z a t i o n  o n  C o n j u n c t i v e  Im p ro v e m e n ts
DOTE: Th« sum m ary  s t a t i s t i c s  d i s p l a y e d  i n  t h i s  r e p o r t  a r e  
b a t e d  on  r e s u l t *  f o u n d  a t  e v e r y  c o m p u t a t i o n a l  t i n e  s t e p ,  
n o t  j u s t  on  r e s u l t *  Treat e a c h  r e p o r t i n g  t i e *  s t e p .
* * * t * » « »  * • » • • •  •4
A n a l y s i s  O p t i o n *
* •  » •  ♦  e #  * e - * * * » * - » *
F lo w  U n i t s   ................................ CFS
p r o c e s s  M o d e l s :
R a i n f a l l , ' R u n o f f   ................  TES
S n e w o e l t ...................................... NO
G r o u n d w a t e r  .............................  NO
r i u v  R o u t i n g  . . . . . . . . . . .  r e s
R e n d i n g  A l lo w e d  ...................  NO
N a t e r  Q u a l i t y  ........................ NO
I n f i l t r a t i o n  M e th o d  .............  GREEN AMTT
Flow R o u t i n g  M e th o d  .............  cTKWAVs
S t s r t i n g  D a t e   O C T -0 9 -2 0 1 3  0 0 : 0 0 : 0 0
E n d i n g  D a te   u c x - 1 0 - z o l 3  c o - . o o : o o
A n t e c e d e n t  D ry  Days   ...........  5 . 0
R e p o r t  T i n e  S t e p  . . . . . . . . .  0 0 : 0 3 : 0 0
Wet Time S t e p   ........... 0 0 : 0 5 : 0 0
D ry Tim* S t e p  .............................  0 1 : 0 0 : 0 0
R o u t i n g  T i c e  S t e p  ................... 1 . 0 0  *e=
. « ' • * »  > .  V o lu m e  Depth .
R u n o f f  Q u a n t i t y  C o n t i n u i t y  a c r e - f e e t  i n c h e s
* * * * * *
T o t a l  P r e c i p i t a t i o n  .............  5 9 . 4 3 6  3 . 2 8 0
E v a p o r a t i o n  l o s s   ............   0 . 0 0 0  0 . 0 0 0
I n f i l t r a t i o n  L o s s    2 9 . 4 6 7  1 . 6 3 2
Sue f a r e  A u n o f t     2 6 , 5 2 2  1 . 4 6 9
F i n a l  S u r f a c e  S t o r a g e  . . . .  3 . 5 4 4  0 , 1 9 5
C o n t i n u i t y  E r r o r  (%) ...........  0 . 1 6 2
Volume v o l u n e
Flow R o u t i n g  C o n t i n u i t y  a c r e - f e e t  10"6  g a l
Dry  Wsafcher I n f l o w    0 . 0 0 0  0 . 0 0 0
w e t  w e a t h e r  I n f l o w    2 6 . 4  91 8 . 6 3  3
G r o u n d w a t e r  i n f l o w   ...........  0 . 0 0 0  0 . 0 0 0
rcii  inflow    o.oco o.ooo
External I n f l o w    4 . 6 2 0  1 . 5 0 3
External O u t f l o w    2 9 . 3 6 9  9 . 5 7 0
i n t e r n a l  O u t f l o w    O.OCO 0 . 3 0 0
S t o r a g e  Losses     O.OCO 0 . 5 0 3
i n i t i a l  s t o r e d  Vol-j jr* . . . .  0 . 1 4 2  0 . 3 4 6
F i n a l  S t o r e d  Volume   1 . 7 S 2  0 .5 E 4
Continuity  E r r o r  (4 |  ...........  0 . 2 9 4
T i m e - S t e p  C r i t i c a l  E l e m e n t s  
+ • • « * * « * * * *  * • • « • • * • • • « * * * * - ■ -
Non*
H i g h e s t  Flow I n s t a b i l i t y  I n d e x e s  
A l l  l i n k s  a r e  s t a b l e .
R o u t i n g  Time S t e p  S u s s r a r y
89
Kir. imuK T i n e  S t e p  : 0 . 5 0  a e e
A v e ra g e  Time s t e p  : l . 0 0  s e e
Max Irmas T i n e  s t e p  1 . 0 0  s e c
P e r c e n t  i n  S t e a d y  S t a t e  0 . 0 0
A v e r a g e  I t e r a t i o n s  p e r  S t e p  : 2 . 0 0
* * • • • • * • « • * * *  * ■ • * • » * ♦ ♦ * * * • * *
S u b r a t c b a e n t  R u n o f f  Suatnary
* e e e e s e * « t » l * « « * « * * *
Subca tc f r f t f tn t
T o t a l
P r e t i p
In
T c t a i
Runon
i n
T o t a l
Ev»p
i n
T o t a l
I n f i l
i n
T o t a l
R un o f f
i n
T o t a l  
R u n o f f  
1C"« g a l
P e a k
R u n o f f
c r s
R u n o f f  
C o e f  £
31 3 .2 8 0 . 0 0 0 . 0 0 1 . 5 7 1 .2 9 0 . 2 9 7 . 9 9 0 . 3 9 $
510 3 . 2 6 O.SO 0 . 0 0 1 . 5 8 1 .37 0 . 2 1 7 . 8 9 C .4 1 7
S l l 3 .2 6 o.ao 0 . 0 0 1 . 5 7 1 .6 9 0 . 1 1 3 . 7 4 C .5 1 6
512 3 . 2 6 o.co 0.00 1 . 7 2 3.89 0 . 1 9 5 . 0 5 0 . 2 7 3
S13 3 . 2 6 0 . 0 0 0 - 0 0 1 . 5 5 1 ,7 1 0 . 2 3 7 . 3 8 0 . 5 2 0
S14 3 . 2 6 o.co 0 . 0 0 1 . 5 4 1.72 0 . 1 2 3 . 9 2 0 . 5 2 4
SI* 3 . 2 8 o.co 0.30 1 . 4 3 1 .6 2 0 . 2 6 8 . 4 3 0 . 5 5 6
S16 3.ZB 0 . 0 0 0 . 0 0 1 . 4 8 1,78 0 . 2 5 7 . 7 6 0 . 5 4 2
51? 3 . 2 8 0 . 0 0 D.OC 1 , 4 6 1 .7 9 0 . 1 2 3 , 9 2 0 . 5 4 7
51$ 3 . 2 8 0 . 0 0 0 . 0 0 1 . 7 7 1 .4 9 0 . 0 8 2 . 7 0 0 . 4 5 6
SIS' 3 . 2 9 o.oc 0 . 0 0 1 . 5 1 1-75 0 . 1 0 3 . 4 1 0 . 5 3 5
52 3 . 2 8 0 . 0 0 0 . 0 0 1 . 5 3 0 .9 7 0 . 2 6 5 . 1 9 0 .2 5 4
S20 3 . 2 8 o.oc 0 . 0 0 1 . 5 0 1 .7 7 0 . 1 0 3 . 3 5 0 . 5 3 6
S21 3 . 2 8 o.oc 0 . 0 0 1 .9 1 1 .3 6 0 . 1 3 4 , 0 2 0 .4 1 4
522 3 . 2 8 o.oc 0 . 0 0 1 . 6 5 1 .6 1 0 . 1 2 3 . 7 1 0 .4 5 1
S23 3 . 2 8 o.oc 0 . 0 0 1 .4 2 1 .84 0 . 1 1 3 . 8 5 0 . 5 6 0
524 3 . 2 8 o.oc 0 . 0 0 1 . 4 2 1 .8 4 0 . 1 1 3 . 7 4 0 . 5 6 2
S25 3 . 2 8 0 -0 0 3 . 0 0 1 . 4 6 1 .7 9 0 . 3 0 9 . 5 2 0 .5 4 7
525 3 . 2 8 o.oc 3 . 0 0 1 . 4 6 1 .7 9 0 . 2 4 7 . 7 0 0 . 5 4 7
S2? 3 . 2 8 o.oc 3 . 0 0 1 . 6 0 1 .6 6 0 . 2 0 6 . 0 5 0.5C 5
S2B 3 . 2 8 0 . 0 0 3 . CO 1 . 5 7 1 .7 0 0 . 2 0 7 . 0 2 0 .5 1 8
525 3 . 2 6 o.oc 3 . 0 0 1 . 6 7 1 .5 9 C. 06 2 . 0 2 0 . 4 9 5
530 3 . 2 8 o.oc O.CO 1 .8 3 1 .1 3 C . 25 9 . 4 6 0 . 3 4 5
S31 3 .2 8 0 . 0 0 o.co 1 . 7 5 1 .51 C .3 0 5 . 8 5 0 .4 6 0
534 3 -2 8 o.oc 0 . 0 0 1 .8 9 1 .11 C. 13 4 . 9 0 0 .3 3 6
535 3 . 2 3 0 . 0 0 0 . 0 0 1 .4 3 1 .3 9 C .0 7 2 . 5 4 0 .4 2 3
535 3 . 2 8 0 , 0 0 c.oc 2 . 8 1 0 .4 7 C .04 1 . 5 0 0 . 1 4 4
537 3 . 2 8 0 . 0 0 0 . 0 0 2 . 0 3 0 , 9 5 0 . 0 4 1 . 5 8 0 .2 9 4
536 3 .2 3 0 . 0 0 o.oc 2 . 7 6 0 .5 2 0 . 0 2 0 . 7 7 C .159
S3$ 3 .2 8 0.00 c.oc 1 . 5 5 1.5B 0 . 0 6 2 . 3 8 0 . 4 8 3
S< 3 .2 8 0 . 0 0 c.oc 2 . 1 4 0 .8 9 3 . 2 4 3 . 6 8 0 . 2 7 2
540 3 .2 8 0.00 0.00 1 . 6 2 1 .5 2 2 . 0 9 3 . 2 8 0 . 4 6 2
541 3 .2 8 0 . 0 3 0 . 0 0 1 .6 7 1 .4 3 3 . 0 7 2 . 6 3 0 . 4 2 7
£43 3 .2 3 0 . 0 3 0 . 0 3 1 . 5 7 1 .7 3 2 . 0 8 3 . 1 4 0 . 5 2 0
S44 3 .2 8 0 , 0 3 0 , 0 3 1 . 5 6 1 .7 0 3 . 0 9 3 . 1 3 0 . 5 1 9sts 3 .2 3 0 . 0 3 0 . 0 3 1 .7 2 1 .54 3 . 0 3 2 . 6 7 0 . 4 6 9
S46 3 .2 8 0 . 0 3 0 . 0 3 1 . 6 2 1 .64 0 . 1 5 5 . 3 4 0 . 5 0 1
S47 3 . 2 8 0 . 0 0 0 . 0 3 1 . 5 8 1 .6 3 0 . 0 4 1 . 4 3 a .514
S49 3 .2 8 3 . 0 0 0 . 0 3 1 . 3 1 1 .8 0 0 . 0 8 3 . 2 6 0 . 5 4 7
S i 3 -2 8 0 . 0 0 0.00 1 . 7 2 1 .23 0 . 1 7 6 . 3 9 0 . 3 7 4
SSO 3 .2 8 3 . 0 0 0.0-3 1 .61 1 .3 0 0 . 3 2 1 1 . 7 7 0 . 3 9 6
S i l 3 .2 6 5 . 0 0 0 . 0 0 1 . 3 3 1 .93 0 . 1 4 4 . 5 8 0 . 5 8 9
$53 3 .2 8 3.00 0.00 1.6B 1.58 0.12 3 . 7 7 0 .4 8 1
S54 3 .2 8 3 . 0 0 0.00 1 . 6 0 1 .6 6 0.11 3 , 6 3 0 .5C 6
SSJ 3 .2 8 3 . 0 0 0.00 1 . 6 2 1 .63 0.12 3 .9 4 0 .4 9 8
SSS 3 .2 8 3 . 0 0 0 . 0 3 1 . 4 5 1.8(1 n 7 4 R . 1 fi n 55n
557 3 .2 8 3 . 0 0 0.00 1 . 3 3 1 .9 2 0 . 1 3 4 . 2 2 0 . 5 8 5
S5B 3 .2 8 3 . 0 0 0.00 1 . 3 3 1 .93 0 . 10 3 . 1 5 □ . 586
56 3 .2 8 3 . 0 0 0.00 1 .7 7 1 .18 0 , 1 9 7 . 0 6 0 . 3 6 1560 3 .2 8 3.00 0.00 1 .52 1 .7 3 0 . 16 4 . 8 0 0 .5 2 8
561 3 . 2 8 3 . 0 0 0.00 1 .4 7 1 .78 0 . 1 4 4 .42 0 .5 4 4
562 3 .2 8 3 . 0 0 0 . 3 0 1 . 4 5 1.81 O . l t 3 .5 4 0 .5 5 1
563 3 .2 8 3 . 0 0 0 , 3 0 1 . 4 3 1 .8 3 0 . 1 4 4 .2 1 0 .5 5 7
565 3 .2 8 3 .  DO 0 . 3 0 1 . 4 9 1 ,7 6 0 . 2 4 7 ,1 4 0 . 5 3 7
57 3 .2 8 3 . 0 0 0 . 3 0 1 . 4 3 1 .5 0 0 . 1 9 7 . 30 0 .4 5 7
S3 3 .2 8 3 , 0 0 0 . 3 0 1 . 4 5 1 .4 6 0.21 S . 16 0 . 4 5 0
S3 3 . 2 8 0 . 0 0 0 . 0 0 1 . 5 9 3 .3 7 0 . 1 9 7 . 2 2 0 . 4 1 3
90
Node D e p t h  s u m u r y  
* » ( » * * • • • > « » » • • ( • ■
Average Maxlsua Maximum Time c f Max
Mode Type
D e p th
F e e t
D e p th
F e e t
HGL
F e e t
O c c u r r e n c e  
day'* fir r a i n
J l JUNCTION 0 . 2 3 1 . 3 3 7 . 7 4 0 1 2 : 0 0
J10 JUNCTION 1 . 3 3 4 . 9 7 5 . 7 5 0 1 2 : 0 3
J H JUNCTION 1 . 4 4 5 . 0 8 5 . 7 2 0 12 :0 3
J12 JUNCTION 1 . 4 7 5 . 1 1 5 . 7 1 0 12 :0 3
J13 JUNCTION 1 . 6 2 5 . 2 5 5 . 6 8 0 1 2 : 0 3
J14 UNCTION 1 . 6 6 5 . 2 9 5 . 6 7 0 1 2 : 0 3
J i b JUNCTION 1 . 8 3 5 . 4 3 5 . 6 3 0 1 2 : 0 3
316 JUNCTION 1 . 9 5 3 . 3 1 5 . 5 6 0 1 2 : 0 3
m UNCTION 2 . 0 4 C O B 5 . 5 1 0 1 2 : 0 3
j : a JUNCTION 2 . 0B 5 . 5 8 5 . 4 9 0 1 2 : 0 3
119 UNCTION 2 . 1 6 5 . 6 3 5 . 4 4 0 1 2 : 0 3
12 UNCTION 0 . 2 5 2 . 7 5 5 . 8 3 0 1 2 : 0 3
120 UNCTION 2 , 2 2 5 . 6 5 5 . 4 2 0 1 2 : 0 3
J21 JUNCTION 2 . 3 3 5 . 7 1 5 . 3 6 0 1 2 : 0 3
J2 2 JUNCTION x .  14 3 .  ! l 3 . J > u 1Z:C3
123 UNCTION 2 . 3 6 5 . 7 1 5 . 3 0 0 12.-C3
JZ4 UNCTION 2 . 3 9 5 . 7 0 5 . 2 8 0 1 2 : 0 3
125 UNCTION 2 .  50 5 . 7 3 5 . 1 9 0 1 2 : 0 3
126 JUNCTION 2 . 5 5 5 . 7 4 S . I S 0 1 2 :0 3
J27 JUNCTION 1 . 8 7 4 . 9 7 5 . 0 4 0 1 2 :0 3
126 UNCTION 2 . 8 6 5 . 9 3 5 . 0 2 c 12 :Q3
129 UNCTION 2 . 8 0 5 . 8 0 4 . 9 1 14V 1 2 : 0 3
13 JUNCTION C . 2 6 2 . 9 2 5 . 8 3 3 1 2 : 0 3
130 JUNCTION 2 . 7 9 5 . 7 6 4 . 8 9 3 1 2 : 0 3
J31 UNCTION 3 . 2 6 5 . 9 5 4 . 5 8 0 1 2 : 0 4
J3 2 JUNCTION 3 . 6 0 5 . 9 6 4 . 2 6 0 1 2 : 0 4
J3 3 JUNCTION 3 . 8 1 4 . 2 3 0 1 2 :0 4
134 UNCTION 3 . 9 4 p 3 . 8 9 0 12 :Q4
J1 5 JUNCTION 4 . 0 7 5 . 7 1 3 . 4 9 0 1 2 : 0 5
136 UNCTION 4 . 1 6 5 . 8 0 3 . 4 8 0 0 4 : 0 1
J37 JUNCTION 4 . 2 7 5 . 3 2 3 . 4 7 0 04 : 0 i
138 UNCTION 4 . 5 9 6 . 2 4 3 . 4 6 0 0 4 : 0 0
J 3 9 JUNCTION 0 . 0 9 0 . 5 9 8 . 3 4 0 1 2 : 0 0
14 UNCTION 0 . 6 6 4 . 0 3 5 . 8 1 0 1 2 : 0 3
140 JUNCTION 0 . 1 4 3 , 3 4 7 . 4 8 0 1 2 :  DO
141 JUNCTION 0 . 1 4 1 . 0 5 6 . 0 5 0 1 2 : 0 0
142 UNCTION 0 . 4 7 2 . 4 7 5 . 9 2 0 1 2 : 0 0
143 JUNCTION 0 . 3 2 2 . 2 7 5 . 8 5 0 1 2 : 0 0
144 JUNCTION 0 . 3 7 2 . 2 3 5 . 4 8 0 12:C 1
145 UNCTION 0 . 3 6 2 . 1 4 5 . 3 4 0 12 :C1
146 JUNCTION 0 . 2 8 J T 3 Q 4 .84 0 1 2 : 0 2
147 UNCTION 0 . 3 8 I T T 3 4 . 4 7 0 1 2 : 0 3
140 UNCTION 1 . 2 1 H i 541 4 . 3 0 0 1 2 :0 4
149 UNCTION 0 . 1 2 1 . 4 5 6 . 6 5 0 1 2 : 0 0
15 UNCTION 0 . 7 2 4 . 1 0 5 . 7 9 0 1 2 : 0 3
153 JUNCTION 0 . 3 7 2 . 0 4 6 . 6 3 0 1 2 : 0 0
JS1 UNCTION 0 . 3 0 1 . S 2 6 . 5 4 0 1 2 : 0 0
152 UNCTION 0 . 2 3 1 . 8 5 6 . 2 7 0 1 2 : 0 0
J43 JUNCTION 0 . 1 7 0 . 8 5 9 . 7 4 0 1 2 : 0 0
154 UNCTION 0 . 1 2 0 . 7 6 9 . 4 6 0 1 2 : 0 0
155 UNCTION 0 . 1 9 1 . 1 5 9 . 2 3 0 1 2 : 0 0
136 UNCTION 0 . 2 4 1 . 7 1 8 . 8 7 0 1 2 : 0 0
157 UNCTION 0 . 2 7 2 . 2 0 8 . 6 5 0 1 2 : 0 0
158 UNCTION 0 . 3 4 2 . 4 6 8 . 6 0 0 1 2 : 0 3
159 UNCTION 0 . 4 9 2 . 6 7 B. 49 D 1 2 : 0 2
16 JUNCTION 0 . 7 9 4 . 2 3 5 . 7 9 3 1 2 :0 3
160 UNCTION 0 . 6 6 2 . 8 3 8 . 4 7 3 1 2 :0 3
161 UNCTION 0 . 5 9 2 . 7 3 8 . 4 4 0 1 2 : 0 3
162 UNCTION 0 . 5 5 2 . 5 4 8 . 2 5 9 1 2 :0 0
163 UNCTION 0 . 5 4 2 . 5 0 8 . 2 0 0 1 2 : 0 0
164 UNCTION 0 . 3 4 1 . 9 7 7 . 6 2 0 1 2 : 0 1
165 JUNCTION 0 . 3 6 2 . 2 3 7 . 1 8 G 1 2 :0 0
17 UNCTION 1 . 0 0 4 . 6 0 5 . 7 8 0 . 2 : 0 3
18 JUNCTION 1 . 1 5 4 . 7 7 5 . 7 7 0 1 2 : 0 3
19 JUNCTION 1 . 2 7 4 . 9 1 5 . 7 6 0 1 2 :0 3
Q’J t l o o r r x o L 4 . 6 6 6 . 3 4 3 . 4 6 0 0 4 : 0 0
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Nose S u r c h a r g e  Summary 
Mo ne£efl w e r e  s u r c h a r g e d .
Node F l o o d i n g  Summary 
No n o d e s  w e re  f l o o d e d .
O u t f a l l  l o a d i n g  Summary
Flew Avg. Max. T o t a l T o t a l T o t a l
F r e g . Flow Flow Volume L e a d TSS
O u t t a l l  Node P e n t  . CFS CFS 1 0 * 6  g a l l b s l b s
O u t l 1 0 0 .0 0 I t , 41 2 2 9 . 5 3 1 1 . 0 7 5 3 . 0 0 0 O.GCO
S y s tem 1 0 0 .3 0 I t . 41 2 2 9 . 9 3 1 1 . 0 7 5 D.00C o . c o o





T i l *  © t Hax 
O c c u r r e n c e  
d a y a  n r : » i n
Maxim a#
fV e lo c i
f t / s e c
M ax/
F u l l
F l e w
Max /
F u l l
D e p th
C - l COSDtfir 7„ B4 0 1 2 :  €0 4 . 5 5 0 . 9 9 0 .6 f t
C -1 0 CDKDU2T 5 2 . 9  4 0 1 2 : 5 4 2 . 0 0 0 . 3 7 0 . 7 T
c - u COXOUI7 5 6 . 0 3 0 1 2 :0 4 2 . 5 4 0 . 4 3 0 .  IS
0 1 2 CQHOUIT 6 3 . 6 5 0 12 :C5 2 . 2 3 0 . 4 0 D.Bfr
C -1 3 C0KDUI7 6 6 . 0 5 0 12 :C5 2 . 0 0 0 , 4 3 0 . 8 1
0 1 4 CDKDUIT 6 9 . 3 6 0 12 :C5 2 . 4 5 0 . 4 6 C. 82
0 1 5 c c w D u i r 7 6 , 0 2 0 1 2 : 2 5 2 . 6 4 0 . 6 6 € . 8 4
0 1 6 CQKDU1? 8 2 . 2 9 0 12 :C5 3 . 2 6 0 . 7 3 0 . 8 5
0 1 7 COS'DUIT 8 5 . 5 2 0 1 2 :C 5 3 . 7 6 0 . 6 6 0 .  86
0 1 9 COJfDUTT 8 7 . 9 4 0 1 2 : 0 6 2 . 1 6 0 , 7 0 € . 8 6
0 1 9 COMMIT 9 0 . 5 9 0 1 2 : 0 6 4 . 0 1 0 . 7 1 C.B7
0 2 COJfDDIT 12-5 3 0 ; 2 : C 0 3 . 5 6 0 . 0 8 C.57
0 2 0 CONDUIT 5 3 . 2 3 0 12 :C6 3 . 1 5 0 . 7 3 C.8T
0 2 1 CONDUIT 5 6 . 4 5 0 1 2 : 0 6 4 . 8 1 0 . 9 5 € . 8 2
0 2 2 c o n d u it 3 9 .5 6 0 1 2 : 0 6 3 . 5 8 1 , 0 3 C .8 2
0 2 3 CONDUIT 1 0 2 .6 6 0 1 2 : 0 6 4 . 6 6 1 . 1 4 C. 81
0 2 4 CONDUIT 1 4 8-15 0 1 2 : 0 3 4 . 1 1 C.SD 0 . 7 6
0 2 5 CONDUIT 1 5 5 .2 0 0 1 2 : 0 3 4 . 2 6 0 , 9 6 0 . 7 6
0 2 6 CONDUIT 1 6 0 .9 9 0 1 2 : 0 3 5 . 0 4 0 . 3 4 € . 7  1
C-27 CONDUIT 165-49 0 1 2 : 0 3 3 . 9 6 0 . 2 9 0 . 8  5
0 2 9 CONDUIT 1 7 0 .4 2 0 1 2 : 0 3 4 . 5 9 1 . 3 3 0 . 7 0
0 2 9 CONDUIT 17 1 .9 2 0 1 2 : 0 3 4 . 7 0 2 . 4 3 € . 7  7
0 3 c o n d u i t 1 2 .9 6 0 12 :C6 1 . 9 4 0 . 1 0 0 . 7 0
0 3 0 CONDUIT 2 7 6 .4 9 0 1 2 :0 4 4 . 8 3 0 . 7 5 0 .  79
0 3 1 CONDUIT 1 8 5 .5 2 0 1 2 : 0 6 4 . 9 4 0 .  91 0 . 7 9
0 3 2 CONDUIT 2 2 2 . 2 2 0 1 2 :0 4 7 . 1 3 0 . 3 4 0 . 7 6
0 3 3 CONDUIT 2 2 2 . 2 0 0 1 2 : 0 4 5 . 4 4 1 . 4 0 0 . 7 5
0  34 c o n c u r r 2 2 5 . 2 5 0 1 2 :0 5 6 . 1 6 1 . 4 8 0 . 7 3
0 3 5 CONDUIT 2 2 6 . 9 3 0 1 2 : 0 5 6 . 7 g 1 . 5 0 0 .7 2
0 3 6 CONDUIT 2 2 8 . 3 7 0 1 2 : 0 6 6 . 4 7 1 . 3 1 0 . 7 3
0 3 7 CONDUIT 2 2 6 . 9 5 0 ! 2 : C t 6 . 9 3 D. 94 0 .  76
0 3 8 CONDUIT 2 2 9 . 3 3 0 1 2 : 0 7 a . 2 6 2 . 0 9 0 . 7 9
0 3 9 CONDUIT 2 . 3 5 0 1 2 : 0 0 3 . 2 1 01.19 0.2B
0 4 CONDUIT 2 0 . 1 2 0 1 2 : 0 6 1 . 9 2 3 . 2 1 0 .7 5
0 4 3 CONDUIT 5 . 5 6 0 1 2 : 0 0 4 . 1 6 3 .  45 0 .  44
0 4 1 CONDUIT 6 .1 1 0 1 2 : 0 0 4 . IS 3 . 2  2 0.  36
0 4 2 CONDUIT 2 7 . 5 9 0 1 2 :0 1 4 . 6 1 > - 7 3 0 .7 9
93
C-43 COKDUIT 3 0 . 4 3 0 12 :C i 4 . 6 7 0 . 7 9 0 . 6 4
C- 4 4 CCKDUIT 3 3 . 2 3 0 1 2 : 0 1 5 . 2 8 1 . 1 6 0 . 6 2
C-45 CCKDITXT 3 5 . 6 6 c 1 2 :0 1 6 . 4 2 0 , 9 2 0 . 5 8
C-46 CCKOTIT 4 0 . 3 6 0 1 2 : 0 0 7 . 4 6 0 . 3 8 0 . 5 2
C -4? COKDOIT 4 0 . 9 8 0 1 2 : 0 0 7 . 4 9 0 .  34 0 . 7 2
C-48 COKDOIT 4 0 . 2 5 0 1 2 : 0 0 8 . 0 5 0 . 4 3 1 . 0 0
C- 49 COKDOIT 3 . 3 0 0 1 2 : 0 1 1 . 3 8 0 . 2 9 0 . 8 6
c - s COKDOIT 2 4 . 6 0 0 1 2 : 0 6 2 . 0 8 0 . 1 4 0 . 7 1
C-5Q COKDOIT 1 4 . 6 2 0 1 2 : 0 0 4 . 0 0 l . l l 0 . 8 9
C-51 COKDUIT 1 9 . 7 0 0 1 2 : 0 0 4 . 2 4 0 . 9 5 0 . 6 3
C-S2 CONDUIT 1 9 . 5 4 0 1 2 : 0 1 3 . 6 0 0 . 8 1 C .7 2
C-53 COKDOIT 3 . 7 4 0 1 2 : 0 0 2 . 7 7 0 . 2 8 C .3 2
C-54 CCtiDOIT 7 . 3 3 0 12 :0C 4 . 2 8 0 . 1 5 C .3 3
C-55 COKDOIT 1 1 . 2 0 0 1 2 : 0 0 3 , 4 1 0 . 2 8 0 .  48
C -5 6 COKDOIT 1 9 -1 4 0 1 2 : 0 0 3 . 4 7 0 . 3 3 0 . 5 6
c - s ? COKDOIT 2 3 . 2 0 0 1 2 : 0 0 3 . 0 7 0 . 2 6 C .53
C-56 COKDOIT 2 6 . 2 6 0 1 2 :0 1 3 , 1 0 0 . 4 2 0 . 6 4
C -5 9 COKDOIT 2 6 . 4 9 0 1 2 :0 1 2 . 9 0 0 . 2 5 0 . 6 9
C-6 COKDOIT 2 9 , 7 8 0 1 2 : 0 5 1 . 6 3 0 . 1 4 C .6 8
C -6 0 COKDOIT 3 0 . 9 7 0 1 2 :0 1 3 . 3 4 0 . 5 4 C.7C
C-61 COKDOIT 3 5 . 1 7 0 1 2 : 0 1 4 . 0 2 7 . 5 9 C .6 6
C -6 2 COKDOIT 3 6 . 5 2 0 1 2 :0 1 4 , 6 3 3 . 3 9 C . 63
C -6 3 COKDOIT 4 2 . 5 2 0 1 2 : 0 0 5 . 3 0 2 . C 9 0 , 5 6
C~€4 COKDffIT 4 2 . 5 1 0 1 2 :0 1 6 . 9 6 0 . 5 1 0 , 4 9
C -6 5 COKDOIT 4 9 . 2 1 0 1 2 : 0 0 7 . 9 5 0 . 9 2 C. 67
C-7 COKDOIT 3 5 . 1 9 0 1 2 : 0 5 1 . 6 5 0 . 1 3 C .7 2
C-8 COKDOIT 4 1 . 2 5 0 1 2 :0 4 1 . 6 5 0 . 2 7 0 . 7 4
C-9 COKDOIT 4 6 .  B€ 0 1 2 : 0 4 2 . 1 6 D. 30 C .7 6
FI©vr C l a s s i f i c a t i o n  S u saary
A d j u s t e d --------- F r a c t i o n  o f TifM* i n  FlCw C l a s s ------------ A v g . Avg.
/ f t C I ’J f l l Kip D u w i l Sub S l i p Uy Down F r n u d e Flow
C o n d u i t L e n g th Dcy Dry Dry C r i t C r i t C r i c C n  & N u a b e r C h an g e
C - i I .CO 0 . 0 0 0 . 0 0 O.CO C.OO 0 . 0 0 O-OC 1 . 3 3 0 . 7 5 Q.SO30
C-20 i .OQ 0 . 0 0 G. 00 0 . 0 0 1 . 00 0 . 0 0 0 . 0 0 C .  30 0 . 1 4 O.COOD
c - n 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 i  .0 0 0 . 0 0 o . o c C. 30 0 . 1 3 O.COOO
C-12 1 . 0 0 0 , 0 0 0 . 0 0 0 . 0 0 1 . 0 0 Q .30 o . o c 0 ,  20 C .1 3 0 , 2 0 3 0
C-13 1 . 0 0 O.CO 0 . 0  G 0 . 0 0 1 . 0 9 0 . 0 0 0 . 0 0 C.CO 0 . 1 2 O.COOD
C-14 1.  DO 0 , 0 0 0 . 0 0 0 . 0 0 1 . 0 3 0 . 0 0 o . o c 0 . 3 0 0 . 1 1 0.CO3D
C - 15 1 .0 0 0 . 0 0 3.QQ Q.OQ 1 . 0 0 0 . 0 0 o . o c 0 . 3 0 0 . 1 0 O.COOD
C -1S i . c a O.DQ 0 . 0 0 0 , 0 0 1 . 0 3 0 . 0 0 0 , 0 0 0 . 0 0 0 .D 3 O.COOD
e - : ? 1 . 0 0 0 . 0 0 0 . 0 0 o . o c 1 . 0 3 c . o o C. 09 O.DQ D .03 0 . 0 0 3 0
0 15 1. DC 0 . 0 0 £ . 0 0 o . o c 1 . 0 3 c . o o 0 . 0 0 0 . 0 0 Q.D3 0 . 0 0 3 9
e - i 9 1 .0C 0 . 0 0 3 . 0 0 0 . 0 0 1 . 0 3 c . o o c . c o 0 . 0 0 o . o a 0 . 0 0 3 0
C -2 1 . 0 0 0 . 0 0 3 . 0 0 0 . 0 0 1 . 0 3 c . o o C.CD 0 . 0 0 0 . 6 9 O.OOCO
C-2D 1 , 0 0 0 . 0 0 3 . 0 0 a .  oq 1 . 0 0 3 . 0 0 c . o o 0 .  DO 0.D8 0 . 0 0 3 0
C - 2 ! 1 . 0 0 0 . 0 0 3 . 0 0 0 . 0 0 1 , 3 0 VrOO C.3D 0 , 0 0 0 . 0 7 0 , 0 0 0 1
C -2 2 1 . 0 0 0 , 0 0 c . c c a . o o 1 . 0 0 £ . 0 2 0 . 3 3 0 . 0 0 0 . 0 7 0 . OOOl
C -23 1 . 0 0 Q.0G e . c c 0 . 0 3 1 . 3 0 3 . DC 0 . 3 0 o . c o o . c a 0 . 0 0 0 2
C -2 4 1 . 0 0 O.OC 0 . 0 0 0 . 0 3 I - 30 3 . 0 3 0 . 3 0 0 . 0 0 0 , 0 9 O.DO&O
C -25 1 . 0 0 0 - 0 0 C.C-S 0 . 0 3 1 . 3 0 3 .0C 0 . 3 0 o . c o 0 . 0 9 0 . 0 0 0 0
C -26 1 . 0 0 0 , 0 0 0 . 3 3 0 . 0 3 1 . 0 0 O.OC 0 - 3 0 0 . 0 0 0 . 1 4 0 . 0 0 0 0
C -2? 1 . 0 0 0 , 0 0 C - 3D 0 . 0 3 0 . 9 9 D.OC 0 . 3 0 o . c s 0 . 1 5 0 , 0 0 0 0
c - s a 1 . 0 0 c . o o C .3 3 C.OO 1 . 0 0 3.0C 0 , 3 0 o . c o 0 . 0 9 0 . 0 0 0 0
C -2 9 1 . 0 0 C . 0 3 C.OO C.OO i . c o o . o c 0 . 0 0 0 , 0 0 0 . 0 9 0 , 0 0 0 1
C-3 1 . 0 0 £ . 0 3 C .3 3 c . o o 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 , 2 9 0 . 0 0 0 0
C -33 1.  CD C . 0 3 C .3 3 c . o o i .C O o . o c 0 . 0 0 0 . 0 0 0 . 0 9 0 . OOCD
C-31 : , c o 0 . 0 3 0 . 3 0 3 . 0 0 i .CO 0 . 0 0 0 . 0 0 0 .  00 0 . 0 7 0 , 0 0 0 0
C-32 1 . 0 0 o . a o C.OO 3 . 0 0 0 . 9 9 0 . 0 0 0 . 0 0 0 . 0 0 o . o e 0 . 0 0 0 0
C-33 : . o o 0 . 0 3 0 , 3 0 C.OO I.CO o.oc* 0 . 0 0 0 , 0 0 0 , 0 6 0 , 0 0 0 1
C-34 l .C C £ . 0 0 0 . 0 0 o . c o 1 .  CO 0 . 0 0 0 . 0 0 0 . 0 0 0 .  G€ 0 . D0B1
C -35 1 . 0 0 0 . 0 3 0 . 0 0 o . c o ;  , c o o . o c 0 . 0 0 0 . 0 0 C.C6 0 . 0 0 0 1
C -3 6 : . c o 0 - 0 0 D. 00 D .00 : . c o 0 . 0 0 0 . 0 0 0 . 0 0 0 , 0 6 0 , 0 0 0 1
C -3 ? 1 . 0 0 o . o c o . c o o . c o : . c o 0 . 0 0 0 . 0 0 0 .  DO 0 . 0 € 0 . 0 0 0 0
C-38 1 . 0 0 C.OO o . c o c . c o : . c o o . o c o . c o 0 , 0 0 0 . 0 6 0 . 0 0 2 1
C -3 9 : . gg o . o c o . c o o . c o o . c o 0 . 0 0 0 . 0 0 1 . 0 0 0 . 9 0 0 . 0 0 0 0
C-4 1 . 00 o . o c o . c o o . c o 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 2 6 0 . 0 0 0 0
C -4 0 1 . 0 0 0 . 0 0 o . c o o . c o 0 . 0 0 c . o o 0 , 0 0 1 . 0 0 0 . 8 7 0 . 0 0 0 0
C -4 1 1 . 0 0 o . o c o . c o 0 . 3 0 0 . 0 1 c . o o 0 . 0 0 0 . 9 9 1 . 0 3 0 . 0 0 0 0
C -4 2 1 . 0 0 0 . 0 0 0 .  CO o . c o 1 . 0 0 c . o o o . c o 3 .  DO 0 . 3 3 0 . DOOO
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D2: PC-SWMM Weibull 10-yr Base Scenario
EPA STORK WATER MANAGEMENT MODEL -  VERS: ON 5 - 0  (B u ild  5 .0 .3 2 2 1
Storm w ater I f r e s t r u c t u r e  O p t is t ir a t io n  on C o n ju n c t iv e  Irp ro v ero en ts
NOTE: The suxm ary s t a t i s t i c s  d i  s p la y e d  i n  t h i s  r e p o r t  A te  
b a s e d  on r e s u l t s  fou nd  a t  e v e r y  c o m p u ta t io n a l t i r e  s t e p ,  
n e t  j u s t  on r e s u l t s  f r c n  e a c h  r e p o r t in g  t im e  s t e p .
A n a ly s is  O p tio n s
Flow U n it s  ..................................... CFS
P r o c e s s  M od els;
P A i r - f e l l / R u n o f f  ................   YES
S.powmel; ............. ......................  NO
C ro u n d v ste r   ................ .. NO
Flow  R o u tin g  .................   TEE
b o n d in g  A llo w e d  ..................  YES
MIC! 11 ty . . . . . . . . . .
I n f i l t r a t i o n  M ethod .............
UXJ
GREEN AKPT
Flow  R o u tin g  Method ............. DVFWAVE
S t a r t in g  D a te  ............................. m - a 5 - 2 0 1 4  CO: 0 0 :0 0
E ndin g D ate  ................................. FES-Oe-ZOH 12: 0Q: DO
A n te c e d e n t Dry Cays . . . . . . 5 . 0
R ep o rt Time S te p  .................... 0 0 :C 1 :00
wee Ti«w s t e p  . . . . . . . . . . . . OOiCSiOO
Dry Time S te p  ............................. 0 1 :C 0 :0 0
R o u tin g  T ir e  S te p  .................. l.QC s e c
vol era D epth
R u n o ff Q u a n tity  C o n tin u ity a c r e - f c e t in c h e s
T o ta l  P r e c i p i t a t i o n  ............. 9 5 .4 5 5 5 .2 S 0
E v a p o r a tio n  l a s s  ..................... 0 .0 0 3 0 .0 0 0
I n f i l t r a t i o n  L oss  ............. 4 1 .6 4 4 2 .3 0 1
S u r fa c e  R u n o ff ..................... 5 0 .4 3 4 2 .7 7 4
F in a l  S u r fa c e  S to r a g e  . . . . 3 .3 2 3 0 .1 8 3
C o n t in u it y  E c r o r  ( i t  .......... - 0 .1 5 5
***•*■*»*»*****♦ + *•*••**#*** V ol urne V olu r#
Flow  R o u tin g  C o n t in u it y a c r e - f e e t 1 0 -6  gfal
- — — — _
Dry w ea th e r  in f lo w  . . . . . . . 0 .0 0 3 0 . 000
Wet W eather in f lo w  ................ t O .4 34 1 6 .4 3 5
G roundw ater in f lo w  _____ __ Q . 000 0 .0 0 0
ROT! I n f lo w  .................................. 0 .0 0 0 0 .0 0 0
E x te r n a l I n f lo w  ....................... 4 .7 3 4 1 .5 4 3
E x te r n a l O u tflo w  ..................... 5 3 .7 3 7 1 7 .5 1 1
I n t e r n a l  O u tflo w  ..................... 0 .0 0 0 0 .0 0 0
S to r a g e  L o s s e s  ......................... 0 ,0 0 0 O.COO
I n i t i a l  S t o r e d  Volume . . . . 0 .1 1 9 0 .0 3 9
F in a l  S to r e d  V o lu a e  . . . . . . I . 830 0 .5 9 6
C o n t in u ity  E rro r  ( l i  .......... -0 .5 Q 4
e * » l * « t » I I S »«»*•»*»«
T i m e - s t e p  c n c i c a l  Elejy-ents
• * * * * « * • • » • • * » »  • • • • i l i u m
Lift* C -21 f 2 . 6 4 * i
W * > s i i U 4 . i i < s e s i s ^ s 4 i . i i
H ig h e s t  Flow I n s t a b i l i t y  In d e x e s
s s s e e e s e e s s e e e e e e s e e s e e s e e e s s e s *
L:n« c - 2 i  i i i  
L ink C -23 111
«IW W WW W W W W M W (flWtf lW tA V1WBM WW Wini' J tr ty iW Wl/»WWWyUflW WWW WW WWf,1W WWWfc1WWM V>M llHnW  
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A veragB  K a x l s w i  Maximum Tim* o f  Wax
Node Type
D e p th
F e e t
D e p th
F e e t
HGL
F e e t
O c c u r r e n c e  
d a y *  h r i j r . i n
J lO JUNCTION 1 . 1 6 1 2 . 4 0 1 3 . 1 8 0 1 2 : 0 3
JX1 JUNCTION 1 - 2 6 1 2 . 4 6 1 3 , 1 0 0 1 2 :0 2
J 1 2 JUNCTION 1 . 2 9 1 2 . 4 8 1 3 . 0 0 0 1 2 :0 2
J 1 3 JUNCTION 1 .4 1 1 3 . 0 6 1 3 . 5 1 0 1 2 : 1 0
J l i JUNCTION ; .4 5 1 3 . 1 9 1 3 . 5 6 0 1 2 :1 0
J 1 5 JUNCTION 1 . 6 0 1 2 . 6 9 1 2 . 6 9 0 1 2 : 1 0
J I 6 JUNCTION 1 . 7 1 1 2 . 6 1 1 2 . 6 7 0 1 2 :0 1
J I 7 JUNCTION 1 . 7 9 1 2 . 6 0 1 2 . 5 7 0 1 1 : 5 9
J 1 3 JUNCTION 1 . 8 3 1 2 . 6 1 1 2 . 5 3 0 1 1 : 5 9
J 1 9 JUNCTION 1 . 9 3 1 2 . 6 1 1 2 . 4 2 0 1 2 :5 9
J 2 0 JUNCTION 1 . 9 6 1 2 . 5 9 1 2 . 3 6 0 1 1 : 5 9
J ? 1 JUNCTION 2 . 0 7 1 2 . 5 9 1 2 . 2 4 0 1 1 :5 9
J 2 2 JUNCTION 2 . 0 7 1 2 -5 8 1 2 . 2 2 0 12: 59
J 2 3 JUNCTION 2 . 1 1 1 2 . 4 8 1 2 . 0 7 0 1 1 : 5 9
J 2 4 JUNCTION 2 . 1 2 1 2 . 4 7 1 2 . 0 5 0 1 1 :5 9
J 2  5 junction 2 . 2 2 1 2 . 3 4 1 1 . 8 0 0 1 1 :5 9
J 2 6 JUNCTION 2 . 2 7 1 2 . 2 6 1 1 . 6 3 0 1 1 : 5 9
J 2 7 JUNCTION 1 . 59 1 1 - 3 5 1 1 . 4 3 0 1 2 :5 9
J2B JUNCTION 2 - 5 6 1 2 . 3 0 1 1 . 3 7 0 1 1 : 5 9
J 2 5 JUNCTION 2 . 4 9 1 1 . 9 2 1 1 .0 3 0 1 1 :5 9
J3D JUNCTION 2 . 4 8 1 1 . 8 2 I D . 94 0 1 1 : 5 9
J3 2 JUNCTION 3 . 2 5 1 0 . 7 0 8 . 9 8 0 1 2 : 0 0
J 3 3 JUNCTION 3 . 4 5 1 0 . 8 6 S . 93 0 1 2 :0 0
J3 4 j u n c t i o n 3 . 5 7 9 - 5 7 7 . 8 9 o 1 2 : 0 0
335 JUNCTION 3 , 6 8 9 -0 4 6 . 8 2 0 1 2 :0 0
J 3 6 JUNCTION 3 . 7 5 8 . 3 5 6.Q3 0 1 2 :0 0
J 3 7 JUNCTION 3 . 8 5 7 . 5 0 5 . 0 5 0 1 2 :0 1
J3B JUNCTION 4 . 1 4 6 . 9 0 4 .12 0 1 2 :0 1
J4 JUNCTION 0 . 6 3 1 1 . 5 2 1 3 . 2 9 0 1 2 : 0 6
J4Q JUNCTION 0 . 1 6 4 - 7 5 1 1 . 2 9 0 1 2 :0 2
J 4 I JUNCTION 0 . 1 9 5 . 5 5 1 0 .3 5 0 1 2 :0 1
J 4 2 JUNCTION C. 52 7 , 4 6 1 0 .9 1 0 1 2 : 0 2
J 4 3 JUNCTION C. 38 7 . 1 8 1 0 . 7 6 0 1 2 :0 1
J 4 4 JUNCTION € . 4 1 7.0© 1 0 . 3 3 0 1 2 : 0 0
J 4 5 JUNCTION 0 . 4 0 6 . 9 9 1 0 , 1 9 0 1 2 :0 0
J4& JUNCTION 0 . 3 3 € . 7 7 5 . 7 1 0 1 2 : 0 0
J 4 7 JUNCTION 0 . 3 5 7 , 2 4 9 , 4 8 0 1 2 : 0 0
J 4 0 JUNCTION 0 . 9 2 9 . 3 5 5 -1 1 0 1 2 : 0 0
J 4 S JUKCTION D. IB 7 . 0 0 1 2 . 2 0 0 1 2 : 0 1
J5C JUNCTION D.42 7 . 5 6 1 2 -1 2 0 1 2 :0 1
J 5 2 JUNCTION 0 . 2 9 7 . 1 4 1 1 . 5 6 0 1 2 :0 1
J 5 3 JUNCTION 0.1B 4 . 8 3 1 3 . 7 7 Q 1 2 :0 2
J 5 4 J w c r i o N D.14 5 . 3 1 M .C 1 0 1 1 :5 *
J 5 5 jtmertoa 0 . 2 1 5 . 9 3 1 3 . 9 8 0 1 1 :5 8
J 5 7 JUNCTION 0 . 3 1 7 . 1 7 1 3 , 6 2 0 1 1 :5 9
J5B JUNCTION 0 . 3 7 7 . 4 4 1 3 . 5 6 0 1 1 : 5 9
- 5 9 JUNCTION 0 . 5 0 7 , 6 5 1 1 . 4 7 9 1 1 : 5 9
J 6 JUNCTION 0 . 7 2 1 1 . 7 3 1 3 . 2 3 0 1 2 : 0 5
JSC JUNCTION 0 -6 6 7 . 8 0 1 3 , 4 4 0 1 1 :5 9
361 JUNCTION 0 . 5 9 7 . 6 8 1 3 . 3 6 0 1 1 :5 9
J 6 2 JUNCTION 0 . 5 5 7 . 4 3 1 3 . 1 3 0 1 1 :5 9
JG3 JUNCTION 0 . 5 5 7 . 3 5 1 3 . 0 6 0 1 1 : 5 9
264 JUNCTION 0 . 3 7 $ . 7 7 1 2 . 4 2 0 1 1 :5 9
J 6 S JUNCTION 0 . 4 0 7 . 3 5 1 2 . 3 0 c 1 1 : 5 9
J 7 JUNCTION 0 . 8 8 1 2 . 0 4 1 3 .2 2 0 1 2 :0 2
JB JUNCTION 1 . 0 1 1 2 . 2 2 1 3 . 2 2 0 1 2 :0 9
J 9 JUNCTION 1 . 1 1 1 2 . 4 2 1 3 , 2 7 0 1 2 :1 5
o . i t l OUTFALL 4 . 1 7 5 . 4 6 2 .  58 1 0 5 : 0 0
J1 STORAGE 0 . 5 4 8 . 6 8 1 5 .0 9 Q 1 2 :0 5
J 2 STORAGE 0 . 3 5 1 0 .6 1 1 3 . 6 9 0 1 1 : 5 9
J 3 STORAGE 0 . 4 1 1 0 . 7 6 1 3 .  S7 0 1 1 : 5 9
231 STORAGE 2 . 9 2 1 1 . 3 6 1 0 . 0 0 •1 1 2 : 0 0
J 3 9 STORAGE 0 . 1 1 3 . 6 9 12 .44 u 1 2 :0 2
J 5 STORAGE C-67 1 1 .  €E 1 3 . 2 6 V 1 2 :3 5
051 STORAGE 0 . 3 5  7 . 2 9  1 1 . 9 1  0 1 5 ; B I
S T O R A G E  a . i ~  6 . * 7  u . / j  u  l a t e c *
N o d *  I n f l o w  S u m m a r y
H oxim cn  B » * i s a n  L a t e r a l  T o t a l
l a t e r a l  T o t a l  T im a  o f  Max I n f l o w  i n f l o w
I n f l o w  I n f l o w  o c c u r r e n c e  Volume V o lu o e
Node Type e r s CFS d a y s t-.c :n l r . 1 0 - 6  g a l 1 0 ' 6  g a l
310 ■ n m crx cs 1 4 . 3 0 1 5 9 . 5 3 0 12:1C C .414 4 . 1 9 6
111 JXMCTIQK 6 . 7 9 1 6 2 . 6 8 0 12 :1C 0 .2 0 4 4 . 4 3 5
112 JUSCTXCK 1 6 . 7 9 1 7 0 . 3 8 0 12 :1C 0 . 4 6 7 4 . 9 3 7
113 j D s c n a e 13.  36 1 7 5 . 9 6 0 1 2 :1 0 0 .4 1 1 5 . 3 8 2
114 j d h c t i o k 7 . 0 5 1 7 9 . 2 2 0 1 2 : 1 0 0 . 2 2 2 5 . 6 2 2
115 JiWCTIOtC 1 5 . 1 0 1 8 6 . 2 7 0 1 2 : 1 0 0 . 4 6 3 6 . 1 2 0
J 1 6 JUKCTZQK 13.  91 1 9 3 . 0 6 3 1 2 : 1 0 0 . 4 3 7 6 . 6 0 2
117 JTJSCTIOK ' 7 . C 4 1 5 6 . 4 5 0 1 2 : 1 0 0 .2 1 7 6 . 8 5 6
J18 JtWCTIOK 5 .C 3 1 9 8 . 9 8 0 1 2 : 1 0 0 -1 4 9 7 . 0 3 5
119 JUHCTIOB 6 . IS 2 0 1 . 6 2 0 1 2 : 1 0 0 . 1 7 6 7 . 2 4 1
123 n m c T i o s 6 . 0 9 2 0 4 . 5 2 0 1 2 : 1 0 0 . 1 7 0 7 . 4 4 2
121 JIWCTIOK 7 . 3 9 2 0 9 . 3 2 3 1 2 : 1 0 0 . 2 4 6 7 . 7 1 6
722 JWCTrCK 6 . 7 7 2 1 1 . 7 9 O 1 2 : 1 0 0 . 2 1 0 7 . 9 5 8
123 JtmCTIOK 6 . 9 4 2 1 4 . 9 5 0 1 2 : 1 0 0 . 2 0 0 8 . 1 9 1
124 J tm c T ic w 6 . 7 2 2 7 2 , 9 3 0 1 2 :0 6 0 . 1 9 1 1 1 . 2 9 3
125 HWCTIOK 1 7 . 1 1 2 6 2 . 6 4 9 1 2 :  C6 0 , 5 2 5 1 1 , 8 5 5
! 2 f JUSieTIOK 1 3 . 8 4 2 9 3 . 4 1 3 1 1 :5 8 0 . 4 2 5 1 2 . 3 1 7
127 JUPCTI a s 1 0 . 8 6 3 0 4 . OS 0 1 1 :5 9 0 . 3 5 8 1 2 . 7 0 7
128 j t a c r x c m 1 2 . 8 3 3 1 6 . 9 0 0 1 1 :5 8 0 . 3 6 5 1 3 . 1 0 9
129 i t i s c r i o K 3 . 7 2 3 2 0 . 3 6 0 1 1 :5 8 0 . 1 0 9 1 3 . 2 5 6
130 i m t c r tO K 1 9 , 1 1 3 3 8 ,3 1 0 1 1 : 5 9 0 . 5 3 7 1 3 . 8  60
132 JUNCTION’ O.CO 4 1 1 . 1 5 0 1 2 : 0 0 0 . 0 0 0 1 6 . 9 8 1
133 JOTCTX0K o . c o 4 1 1 . 1 9 0 1 2 :  CO 0 . 0 0 0 1 7 , 0 9 3
134 j u s c t i o k 9 .  68 4 2 0 . 0 7 0 1 2 :0 0 0 . 2 7 3 H  .5 4 6
135  ' j u k c t i c s « .  10 4 2 3 . 7 3 0 1 2 : 0 0 0 . 1 2 5 1 7 . 8 7 4
136 lOMCtioK 3 . 6 3 4 2 7 . 0 5 0 1 2 : 0 0 0 . 1 0 0 1 6 . 1 7 7
137 JUACTIGV 3 .  47 4 3 1 . 1 9 0 1 2 :0 1 0 .  035 1 6 . 5 2 3
138 i r a c T i o s 1 .  84 4 3 3 . 2 9 3 1 2 : 0 2 0 . 0 4 5 1 6 . 9 0 8
14 JCIKTXGK I S .  74 1 0 2 . 5 5 0 1 2 :1 2 0 . 5 2 5 1 , 8 2 9
140 JCHCTIOT 6 . 0 3 1 1 . 1 3 0 1 2 : 0 7 0 . 1 6 2 0 . 2 8 1
141 JCHCTTOK 5 . 0 2 1 3 . 9 7 0 1 2 : 0 6 0 . 1 2 3 0 .  389
142 1LHCTIOS 0 . 0 0 4 4 . 9 1 a 1 2 : 0 4 0 .  000 1 . 4 4 1
193 j w c t t c * 5 . 6 7 4 9 . 2 3 0 1 2 : 0 3 0 . 1 3 9 1 . 5 8 3
14 4 i c x c r  ic>: 5 . 7 2 5 1 . 9 6 0 1 2 : 0 3 0 .  146 1 . 7 2 6
145 JCHCTIOS 4 .  84 5 5 . 6 3 0 1 2 : 0 3 0 . 1 6 0 1 . 0 8 6
146 1CTCTIOK 9 , 6 3 6 2 . 6 7 a 1 2 : 0 3 0 . 2 7 7 2 . 1 6 4
147 J U C t l C S 2 . 7 2 € 4 . 9 0 0 1 2 :0 2 0 . 0 7 2 2 . 2 3 7
148 i c i c r i c K 0 , 0 0 6 4 .  SO 0 1 2 : 0 2 0 , 0 0 0 2 - 2 4 3
149 ICKCTICS 5 . 7 4 5 . 7 4 0 1 1 :5 9 0 . 1 4 4 C. 144
150 JUHCTXCS 2 2 .  13 2 7 . 6 7 0 1 1 : 5 9 0 .  656 c . a o o
m JGVCTXOV 0 . 0 0 3 1 . 7 5 0 1 2 : 0 3 0 .  0X0 1 . 3 5 2
153 JUNCTIOS S. S3 1 1 .2 9 0 1 1 : 5 6 0 . 2 1 5 C .2 1 3
JS4 JCTCTIOK 6 . 6 3 2 1 . 1 7 0 1 2 : 0 6 O.2C0 C .4 1 3
155 u s e r  i  oi» 7 . 1 5 2 7 . 0 3 0 1 1 : 5 6 0 . 2 2 4 C .6 3 9
357 1UHCTXCK 7 .  51 4 2 . 0 4 0 1 2 : 0 6 0 . 2 2 7 1 . 3 1 0
J58 1XACTXCK 5 . 6 1 4 5 . 1 6 0 1 2 : 0 5 0 . 1 6 7 1 . 4 7 8
359 1CHCTIOK 0 . 0 0 4 5 . 1 6 a 1 2 : 0 5 O.3C0 1 . 4  78
16 JWCTIOS 1 3 . 5 2 1 3 6 . 8 6 9 1 2 : 1 0 0 . 3 9 7 2 . 5 7 5
360 jOKcrxat t 9 . 5 7 5 0 . 8 2 0 1 2 :0 5 0 . 2 8 7 1 . 7 6 4
161 JXWCTIOR 7 . 8 9 5 6 . 1 3 0 12 :01 0 . 2 5 6 2 . 0 2 0
162 JM4CTICIS 6 . 3 4 6 1 .7 7 0 1 2 :0 1 0 . 1 5 3 2 . 2 1 9
J 6 3 JWJCTIOK' 7 . 5 2 6 8 .7 1 0 1 2 :0 1 0 . 2 3 3 2 . 4 5 8
164 IVXCTXOK O.OC 6 8 .6 7 0 1 2 :0 1 0 .  SCO 2 . 4 5 8
365 j u s c r i a s 1 2 . 7 2 8 0 . 9 9 0 1 2 : 0 0 0 .4 2 4 2 . 3 6 2
37 JIWCTXOS 1 3 . 1 4 1 4 2 .4 8 3 1 2 : 1 0 0 . 3 5 6 2 . 9 2 8
18 JOTCTISN 1 4 . 6 9 1 4 9 . 1 0 0 1 2 : 1 0 0 . 4 1 2 3 . 3 5 5
39 ItWCTlOS 1 3 . 1 2 1 5 5 1 2 0 1 2 :1 0 0 . 3 7 6 3 . 7 6 3
O u t l o v r r A L t O.OC 4 3 3 . 7 6 3 12 :02 0.2CO 1 9 . 0 5 2
31 STORAGE 1 6 . 3 2 1 9 ,4 1 0 11 : 53 0 .5 8 4 0 . 5 6 9
32 STORAGE 2 2 . 7 0 32 64 0 1 2 :0 1 0 . 6 3 2 1 . 2 2 4
33 STORAGE 0 . 0 3 5 7 . 5 9 0 1 2 :1 1 o . c c o 1 . 2 8 2
99
J31 STORAGE 1 5 . 9 4 3 5 3 . 5 6 0 1 1 : 5 9 0 . 5 4 7
J 3 9 STORAGE 4 . 3 3 1 1 . 5 3 0 1 1 :5 6 0 . 1 0 4
J 5 STORAGE 1 2 . 3 6 1C7.  92 0 1 2 :1 1 0 . 3 4 9
JS1 STORAGE * . 8 7 3 6 . 7 4 c 1 2 : 0 0 0 . 2 5 3
J»4 STORAGE 14 . 6 ? 41 . 24 0 1 1 : 5 ? 0. 444
Mode S u r c h a r g e  S u c o a r y  
* * * « * * * • * « # * • • * * » • * • • •
S u r c h a r g i n g  o c c u r s  when w a t e r  c l u e s  a b o v e  t h e  t o p  o i  t h e  h i g h e s t  c o n d u i t .
Max.  H e i g h t  Min. D e p th  
H o u rs  Above  Crown Below JUjn
Mode Type S u r c h a r g e d F e e t F e e t
J IG JUNCTION 0 . 5 7 5 . 8 9 9 Q.OOCI
J i l JUNCTION 0 . 5 8 5 . 9 5 8 0 . 0 0 0
J 1 2 JUNCTION 0 . 5 8 5 . 9 7 5 0 . 0 0 0
J 1 3 JUNCTION 0 . 5 9 6 .5 B 4 0 . 0 0 6
J1 4 •JUNCTION 0 . 5 9 6 . 6 8 1 0 . 0 3 9
J1S JUNCTION 0 . 5 9 6 . 1 9 4 1 . 4 2 6
; i « JUNCTION 0 . 6 0 6 . 1 1 0 1 . 0 4 0
217 JUNCTION 0 . 6 0 6 . 1 0 5 1 . 6 1 5
218 JUNCTION 0 . 6 0 6 . 1 1 3 1 . 6 6 7
219 JUNCTION 0 . 6 1 6 , 1 1 3 1 . 5 2 7
220 JUNCTION 0 . 6 1 6 . 0 9 5 1 . 3 9 5
221 JUNCTION 0 . 5 3 5 . 5 8 9 1 . 1 1 1
322 JUNCTION 0 . 5 3 5 . 5 7 7 1 . 1 3 3
223 JUNCTION 0 . 5 2 5 . 4 8 0 0 .B 3 0
324 JUNCTION 0 . 3 1 3 . 9 1 6 0 . 8 3 4
225 JUNCTION 0 . 4 6 4 . 3 3 9 0 . 8 0 1
326 JUNCTION 0 . 4 5 4 .  ?BS 0 .  715
227 JUNCTION 0 . 3 9 3 . 9 5 2 0 .  148
328 JUNCTION 0 . 4 7 4 . 8 0 1 0 . 8 9 9
229 JUNCTION 0 . 4 5 4 . 4 1 6 2 .  344
230 JUNCTION 0 . 4 5 4 . 3 1 5 2 . 3 6 5
J3 2 JUNCTION 0 . 3 5 2 . 7 0 2 6 . 9 4 8
333 JUNCTION 0 . 3 7 2 . 8 5 8 6 . 7 2 2
234 JUNCTION 0 . 3 0 1 . 5 6 8 7 .2 3 2
335 JUNCTION 0 . 2 2 1 . 0 4 1 8 . 6 7 3
J3 5 JUNCTION 0 . 0 9 3 . 3 4 8 6 . 8 0 2
J 4 JUNCTION 0 . 5 ? 6 . 0 2 3 D. 857
340 JUNCTION 0 . 2 5 2 . 2 9 8 2.  352
J41 JUNCTION 0 . 3 0 2 . 9 S 2 3 . 2 4 8
342 JUNCTION 0 . 3 2 3 . 1 0 9 3 . 6 4 1
34 3 JUNCTION 0 . 3 8 3 . 6 7 7 3 . 4 4 3
344 JUNCTION 0 . 3 9 3 . 5 8 3 3 . 5 1 7
345 JUNCTION 0 . 3 9 3 . 4 8 8 4 .1 6 2
J 4  6 JUNCTION 0 . 3 3 2 . ? ? 1 5 . 1 6 9
34? JUNCTION 0 . 4 0 3 . 2 4 3 5 . 3 7 7
348 JUNCTION 0 . 6 4 4 . 3 5 1 6 . 6 9 9
24 9 JUNCTION 0 . 5 4 5 . 0 0 4 0 . 4 2 6
250 JUNCTION 0 . 6 2 5 . 3 0 8 1 . 042
352 JUNCTION 0 . 4 0 4 . 1 4 2 2 .0 7 0
253 JUNCTION 0 . 1 7 2 , 3 8 2 0 . 0 0 0
354 JUNCTION 0 . 2 1 2 . 8 0 7 0 . 2 6 3
355 JUNCTION 0 . 2 2 2 . 9 0 5 0 . 4 7 5
357 JUNCTION 0 . 2 5 3 . 1 6 8 0 . 8 3 2
358 JUNCTION 0 . 2 8 3 . 4 4 2 0 , 7 0 8
359 JUNCTION 0 , 3 1 3 . 6 5 2 0 . 4 1 8
36 JUNCTION 0 . 4 9 5 . 2 3 4 o . o o c
360 JUNCTION 0 . 3 2 3 . ? 3 ? 0 . 6 4 3
361 JUNCTION 0 . 3 1 3 . 6 7 7 0 . 3 7 3
362 JUNCTION 0 . 2 9 3 . 4 2 9 0 . 2 8 1
363 JUNCTION 0 . 2 9 3 . 3 5 3 0 . 3 6 7
364 JUNCTION 0 . 2 6 2 . 7 6 6 0 . 4 8  4
265 JUNCTION 0 . 2 ? 2 . 8 0 0 0 . 8 0 0
3 ? JUNCTION 0 . 5 2 5 . 5 3 8 0 . 0 0 3
38 JUNCTION 0 . 5 4 5 . 7 1 9 0 . 0 0 0
39 JUNCTION 0 . 5 6 5 . 9 1 6 0 . 1 3 4
J1 STORAGE 0 . 6 6 6 . 9 3 2 0 . 9 6 8
22 STORAGE 0 . 4 7 5 . 6 0 6 1 .4 4 4
3 3 STORAGE 0 . 4 9 5 . 7 5 9 1 . 4 6 1
. 5 8 ?
.118.tee
. 0 5 2  
.083
J31 STORAGE 0 . 1 5 3 . 3 6 1 4 . 9 3 9
J39 STORAGE 0 . 1 9 1 . 6 9 4 1 . 6 6 6
15 STORAGE 0 . 5 3 5 . 6 4 7 0 . 0 0 0
JS1 STORAGE 0 . 4 0 4 .2 9 2 1 . 2 4 6
J56 STORAGE 0 . 2 5 3 . 0 7 3 0 . 0 0 0
Hade F l o o d i n g  S u s e a r y  
« • • » * • * * • • < « • • • » • • • « *
F l o o d i n g r e f e r s  t o  a l l  w a t e r t h a t  o v e r f l o w s  a n o d e ,  whe t h e r  i t  p o n d s  o r  no:
T o t a l Maximum
Maximum Time o f  Max F l o o d Ponded
H ours R a t a O c c u r r e n c e Velume D ep th
Node F lo o d e d c r s d a y s h r ; a l n 10*6 g a l F e a t
J1 0 0 . 3 6 1 1 . 7 7 0 1 2 : 0 2 0 .0 0 6 1 2 .4 0
111 0 . 2 2 3 3 . 4 9 0 1 2 : 0 0 0 . 0 3 7 2 2 . 4 6
J12 0 . 2 1 2 5 . 7 2 0 1 2 : 0 0 3 . 0 3 6 1 2 .4 8
153 0 . 1 7 1 0 . 7 1 0 1 2 : 0 0 0 . 0 1 5 4 ,8 8
16 0 . 1 9 2 1 . 2 3 0 1 1 : 5 9 3 . 0 1 9 1 1 .7 3
J7 0 . 1 7 2 0 . 1 1 0 1 2 : 0 2 0 . 0 1 7 1 2 .0 4
1» 0 . 1 5 2 5 . 3 2 0 1 2 : 0 1 2 . 0 1 6 1 2 .2 2
15 0 . 1 9 1 3 . 1 6 0 1 1 : 5 9 3 . 0 2 2 1 1 . 6 5
156 0 , 0 3 8 . 1 6 0 1 1 : 5 9 3 . 0 0 2 6 .57
•+»**»
S t o r a g e  Volume S u s m a ry
S t o r a g e  U n i t
A v c ra g e  
Volume 
1000 f t 3
Avg
P e n t
F u l l
E6I
P e n t
L e s s
Maximum 
v s lu m e  
1000 f t 3
Max
P e n t
F u l l
T i n e  o f  Max 
O c c u r re r .c e  
d a y s  n r : m i n
Maximum
O u t f l o w
CF5
J1 0 . 3 7 9 4 0 9 . 5 5 0 90 3 1 2 :0 5 18 .  ?5
J2 0 . 4 2 5 3 0 1 1 . 6 6 7 89 3 1 1 : 5 9 5 7 . 5 3
33 0 . 4 5 0 3 0 1 1 . 3  35 86 0 1 1 : 5 9 3 4 , 5 1
J 3 I 1 . 2 1 ? 18 0 1 2 . 4 9 7 70 0 12:00 3 4 8 . 6 6
J3 9 o . u e 2 0 4 . 3 6 3 €9 0 12:02 8 . 2 1
35 0 . 7 4 0 6 0 1 2 . 5 4 0 100 0 1 1 :5 8 1 3 0 . 5 1
352 0 . 3 8 1 4 0 9 . 3 2 1 35 0 1 2 :0 1 3 1 . 7 5
356 0 . 3 0 2 4 3 7 . 2 0 5 100 0 1 1 : 5 3 3 7 , 8 8
O u t f a l l  l o a d i n g  S u a i m y
Flow Avg. M ax . T o t a l T o t a l T o t a l
F r a g . Flow Flow Volume Lead TSS
O u t f a l l  n o d e P e n t . CF3 CFS 10*6 g a l l b s l b s
O u t l 9 9 . 9 9 2 3 . 0 4 4 3 3 . 7 6 1 9 .0 5 2 0 . 0 0 0 0 . 0 0 0
S y s t e m 9 9 . 9 3 2 3 . 0 4 4 3 3 . 7 6 1 3 .0 5 2 0 . 0 0 0 0 . 0 0 0
L i n k  f l o w  S i u s u r y
L i n k





T ime o f  Max 
O c c u r r e n c e  
d a y s  h r : m i a
Maximum 
1V e l o c l  
f t / s e c
M a x /
F u l l
F l o w
Max/
F u l l
Depth.
C - l COKDOIT 1 8 . 7 5 3 1 2 :1 5 7 . 7 9 2 . 3 7 1 .0 3
C -1 0 CCKDOIT 1 5 9 . 4 7 0 1 2 : 1 0 4 .8 1 1 . 1 2 1 . 0 0
C - l l COKDOIT 1 6 1 . 3 2 0 1 2 : 1 3 4 .6 6 1 . 2 3 1 . 0 3
C -12 COKDOIT 1 5 9 . 4 5 0 1 2 : 1 3 5 .11 1 . 1 1 t . 0 0
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C - l  2 1 . 0 0 0 . 0 0 3 . 0 0
C-1 3 1 . 0 0 0 . 0 0 3 . 0 0
C-1 4 1 . 0 0 0 . 0 0 0 . 0 0
C-1 5 1 . 0 0 0 . 0 0 0 . 0 0
C -1 6 1 . 0 0 0 . 0 0 0 , 0 0
C-17 1 . 0 0 0 . 0 0 c . o o
C-1B 1 . 0 0 0 . 0 0 0 . 0 0
C-1 9 1 . 0 0 0 . 0 0 0 . 0 0
C-2 1 . 0 0 0 . 0 0 0 . 0 0
C-2 0 1 . 0 0 o . c o 0 . 0 0
C - 2 I 1 . 0 0 0 . 0 0 0 . 0 0
C-22 1 . 0 0 o . c o 0 . 0 0
C-23 2 . 0 0 0 . 0 0 0 . 0 0
C-24 1 . 0 0 0 , 0 0 0 . 0 0
0 2 * 1 . 0 0 0 , 0 0 o . c o
C-2 6 1 .0 0 0 . 0 0 0 . 0 0
C-27 1 . 0 0 0 . 0 0 0 . 0 0
C-2E 1 . 0 0 0 , 0 0 0 . 0 0
C-2S 1 . 0 0 0 . 0 0 0 . 0 0
C-3 1 . 0 0 0 . 0 0 0 . 0 1
C -3 0 2 .0 0 0 . 0 0 0 . 0 0
C-31 1 .0 0 0 . 0 0 0 . 0 0
C -32 1 . 0 0 0 , 0 0 0 . 0 0
C -33 1 .0 0 0 . 0 0 0 . 0 0
C-34 1 .0 0 0 . 0 0 0 . 0 0
C-3E 1 .0 0 0 . 0 0 0 . 0 0
C -3 6 i .  DO 0 . 0 0 0 . 0 0
C -3? 1 .0 0 0 , 0 0 0 . 0 0
C-38 1 . 0 0 0 . 0 0 0 . 0 0
C -3 5 1 . 0 0 0 . 0 0 0 . 0 0
C-4 1 . 0 0 0 . 0 0 c . o o
C-4C 1 ,  00 0 . 0 0 0 . 0 0
C-41 1 .0 0 0 . 0 0 0 . 0 0
C -4 2 1 .0 0 0 . 0 0 c . c o
C -4 3 1 . 0 0 0 . 0 0 0 . 0 0
C -44 1 .0 0 c . o o O.CC
0 4 5 1 , 0 0 0 . 0 0 o . c o
C -4 6 2 .0 0 c . o o o . o c
C -4? 1 . 0 0 0 . 0 0 0.CC
C -4 6 : . o o C -00 o . o c
C -4 9 1 .0 0 c . o o o . o c
c - s 1 .0 0 c . o o 0 . 0 0
C-5D 1 . 0 0 c . o o o . o c
0 * 1 1 , 0 0 c . o o o . o c
C-5'2 2 . 0 0 0 . 0 0 o . o c
C-53 1 . 0 0 c . o o c . o c
C -54 1 . 0 0 c . o o o . o c
C -5 5 1 . 0 0 c . o o o . o c
C - S 6 1 . 0 0 c . o o 0 . 0 0
0 5 7 1.  DO c . o o o . o c
C-56 1 , 0 0 0 . 0 0 0 . 0 0
0 5 5 1 . 0 0 0 . 0 0 o . o c
0 6 1 , 0 0 0 . 0 0 0 . 0 0
0 5 0 1 . 0 0 0 . 0 0 0 . 0 0
o « : 1 . 0 0 0 , 0 0 o . o c
C-62 1 . 0 0 0 . 3 0 o . o c
0 6 3 1 . 0 0 0 . 0 0 o . o c
0 6 4 1 . 0 0 0 . 0 0 o . o c
C -6 5 1 . 0 0 0 . 0 0 o . o c
C-7 1 . 0 0 0 . 3 0 o . o c
0 8 1 . 0 0 0 . 0 0 o . o c
C-3 1 , 0 0 0 . 3 0 o . o c
•» • * *
CcM&eSt* 
* » * * *
I t  C u e c h a r g e  Suihtlscy 
» • * * « * * » • • * * • * « • * • *  «
   -  - -  -  Hegira F u l l
C o n d u i t  R o th  E n d s  U p s t r e a a .
C - l  0 . 5 5  0 .5 5
C-10  0 . 5 -? 0 .5 7
c . o o l . o a 0 . 0 0 0 . 0 0 o . c o 0 .1 6 C.0C30
0 . 0 0 1 .0 0 a .  oo O.&D 0 .3 0 0 .1 5 0 . 0 0 0 0
c . o o l .CC 0 . 0 0 0 . 0 0 0 ,3 0 0 .1 3 0 . oooo
0 .0 0 1 . DO 0 . 0 0 o .c o 0 .0 0 0 .11 0 .0 0 0 0
0 .0 3 1 .0 0 0 .0 0 o .c o 0 .0 0 0 .1 0 0 .0 0 0 0
0 .0 0 1 .0 0 o . c o 0 .0 0 3 .  CO 0 .1 0 0 . 0000
0 .0 0 1 .3 0 o . c o o .a o 3 .0 0 0 .0 9 0 .3 0 0 0
0 .0 0 1 .3 0 o . c o 0 .0 0 3 . CO 0 .0 9 0 .3 0 0 1
0 .0 0 0 .5 9 0 .0 1 0 . 0 0 3 .0 0 0 .6 7 0 .0 0 0 0
0 .0 0 1 .0 0 0 .0 0 o .o c 0 . 0 0 0 .06 0 .3001
0 .0 0 1 . 0 0 0 .0 0 o .o c o . o c 3 .08 0 .0 0 0 2
0 .0 0 1 . 0 0 0 .0 0 0 .0 3 0 . 0 0 3 .0 8 0 .0 0 0 2
0 .3 0 1 . 0 0 0 .0 0 0 ,0 3 o . o c 0 .0 8 0 .0 0 0 6
0 .3 0 1 .0 0 0 .0 0 0 .0 0 0 . 0 0 0 . 1 3 0 .0 0 0 3
0 .0 0 1 . 0 0 0 . 0 0 0 .0 0 0 . 0 0 0 .1 0 0 . 0 0 0 1
0 .3 0 1 .0 0 0.0-3 0 .0 0 9 . 0 0 0 . 1 6 0 .0 0 0 3
0 .0 0 0 . 9 9 c . o o 0 .0 0 0 . 0 1 0 .1 9 0 -0003
0 .3 0 1 .0 0 c . o o 0 .0 0 0 . 0 0 0 .0 9 0 .0 3 0 1
0 .0 0 l . a o c . c o 0 .0 0 0 . 0 3 0 . 0 9 0 .0001
0 . 0 0 0 .9 9 0 . 0 0 0 . 0 0 0 . 0 3 0 .3 * 0 .0 0 0 0
0 . 0 0 1 .0 0 0 . 0 0 0 ,0 0 0 .00 0 .0 8 3.OC30
0 .0 0 1 .0 0 0 . 0 0 0 .0 0 0 . 0 0 0 .0 7 0 .0 0  00
0 .0 0 1 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .0 7 v . OC30
0 .0 0 1 .0 0 0 .0 0 o .o c o . o c 0 .0 6 C.O0O1
0 .0 0 1 .0 0 0 .0 0 0 .0 0 o . o c 0 .0 7 0 . 0 0 0 1
o .c o 1 .0 0 0 . 0 0 0 . 0 0 o . o c 0. 07 0 .0 0 0 1
o .c o 1 .0 0 0 . 0 0 0 .0 0 o . o c 0 .0 7 0-0001
0 . 0 0 1 .0 0 3 . 0 0 c .o o o . o c 0 .0 7 0 .0 3 0 3
o .c o 1 .0 0 3 . 0 0 C, 30 0 . 0 0 0 .0 3 0.00C1
0 .0 0 0 .0 2 3 .0 0 0 .3 0 0 .9 8 0 .7 2 O.O0CQ
o .c o 1 .0 0 0 . 0 0 C.OO 0 .0 0 0 ,3 1 0 . 0030
0 .0 0 0 .0 2 0 . 0 0 Q.OO 0 .9 8 0 .7 5 0 .0 0 3 0
0 .0 0 0 .0 3 0 . 0 3 o .c o 0 .9 7 0 .7 9 0 . 0 0 0 0
0 . 0 0 1 .00 0 . 0 0 o .c o 0 .0 0 0 .2 8 0 .0 0 3 0
0 .0 0 1 .0 0 0 . 0 0 0 . 0 0 0 . 0 0 a . *3 0.30-30
0 .0 0 1 . 00 0 ,0 0 o .c o c . c o 0 .4 2 0 . OOOO
0 . 0 0 1 . 0 0 0 . 0 0 o .c o c . c o 0 .6 2 0 . 0 0 0 0
c . o o 0 .3 8 0 .6 2 0 .0 0 c . o o 0 .9 5 a . coco
0 . 0 0 0 .7 6 0 .2 3 0 . 0 0 C.00 0 .4 9 o .c o o o
c . o o 0 .7 5 0 .0 2 0 .0 0 0 .2 0  . 0 .4 3 C . COOO
C . 0 0 I . O C 0 .0 0 0 . 0 0 C . v  0 0 .3 0 o .c o o o
c . o o 1 . 0 0 0 . 0 0 0 , 0 0 0 .0 0 0 .3 6 0 ,0 0 0 1
C-0S I.OC 0 . 0 0 0 .0 0 C.00 0 .2* o .c o o o
0 .0 3 l.OC a .  do a .o o 0 .0 0 0 .52 o .c o o o
c . o o 0 .9 9 0 ,0 0 0 .0 0 c . c o 0 ,2 6 o . c o o o
c . o o l . O C o . c o 0 . 0 0 0 .0 0 0 .4 3 o . c o o i
c . 0 3 0 .9 7 C.C3 0 . 0 0 0 . 0 0 0 .7 7 0 . 0 0 0 0
C .03 l.OC 0 ,0 0 0 .0 0 0 .0 0 0 .5 5 0 . 0 0 0 0
c . 0 3 l . O C 0 .0 0 0 . 0 0 0 .0 0 0 . 6 8 0 . 0 0 0 0
0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 0 .0 0 0 .5 7 0 . 0 0 0 0
c . o o l.OC 0 . 0 0 0 . 0 0 0 .0 0 0 .  37 0 , 0 0 0 0
c . o o 1 . 0 0 c . o o 0 .0 3 0 . 0 0 0 .1 * 0 . 0 0 0 0
c . o o l.OC 0 . 0 0 0 .0 0 0 . 0 0 0 .3 2 0 . 0 0 0 0
c . o o l.OC 0 . 0 0 0 .0 0 0 . 0 0 C . l* 0 . 0 0 0 0
C.OO 1 .  00 0 .0 0 0 .0 0 0 . 0 0 C.2C 0 .3 0 0 3
0 . 0 0 l .OC 0 .0 0 0 .00 0 . 0 0 C.24 0 .3 0 0 2
0 .0 0 l . O C 0 . 0 0 0 .0 0 0 . 0 0 0 .4 2 0 .3001
0 . 0 0 0 .0 1 0 . 0 0 0 .0 0 0 . 9 6 C-33 0 .3 0 0 0
C.03 0 .0 2 0 . 0 0 0 .0 0 0 .9B 1 .0 6 0 .3001
c .0 0 l .OC 0 .0 0 0 .0 0 0 . 0 0 0 .2 5 o .a c o c
c . o o 1. DC c . o o 0 .0 3 0 .0 0 0 .1 9 0.3C03
c . o o l.OC 0 . 0 0 0 .0 0 0 . 0 0 G.1B 0 .3 0 0 3
Flour» H ours
 ------------- A bove  f u l l  C a p a c i t y
0 n s t r e a . i i  N orm al F la w  L im it e d
0 . 5 5  3 , 6 6  c . a o
0 . 5 7  3 . 0 1  C.03
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D3: PC-SWMM Weibull 10-yr Low Improvement-Cost Scenario
EPA STOW WATER MAIUWEMEH7 MODEL -  VERSION 5 . 0  O u i l d  S .  0 . 0 2 2 !
S t o r n u a t e r  I f r a s t r u c t v r e  O p t i m i z a t i o n  or. C o n j u n c t i v e  I m p r o v e m e n t s
NOTE: T he  summary s t a t i s t i c s  d i s p l a y e d  i n  t h i s  r e p o r t  a r e  
b a s e d  or. r e s u l t s  f o u n d  a t  e v e r y  c o m p u t a t i o n a l  t i r e  s t e p ,  
n o t  J u s t  on  r e s u l t s  r r o e  e a c h  r e p o r t i n g  t i n e  s t e p .
A n a l y s i s  O p t i o n s
Flos# u n i t s  ...................
P r o c e s s  M o d e ls :  
H a i r f a l l / R u n o r c  .
SnoMceelt  ..........
G r o u n d w a t e r  ...........
r l o w  R o u t i n g  . . . .  
P o n d i n g  A l l o w e d  . 
W a t e r  Q u a l i t y  . . .  
i n f i l t r a t i o n  H e t h e d  
F low R o u t i n g  M ethod
S t a r t i n g  D a te  ...........
Ending D a te  ................
A n t e c e d e n t  C ry  Days 
R e p o r t  T i n e  S t e p  . .  
w e t  Ti m  s t e p ...........
Dry  Time S t e p  . . . . .  










FEB-D5-2C14 0 0 : 0 0 : 0 0  
F E B -36-2014  1 2 : 0 0 : 0 0
5 . 0
0 3 : 0 1 : 0 0
0 3 : 0 5 : 0 0
0 1 : 0 3 : 0 0
1 . 0 0  s e c
R u n o f f  Q u a n t i t y  C o n t i n u i t y
T o t a l  P r e c i p i t a t i o n  . . 
E v a p o r a t i o n  Lose 
I n f i l t r a t i o n  l o s s  . . . .
S u r  r a c e  R u n o f f  . . . . . . .
F i n a l  S u r f a c e  S t o r a g e  
C o n t i n u i t y  E r r o r  .%•
v a l u e *
a c r c - f c e t
3 5 . 4 5 5  0.000 
4 1 . 3 4 4  
50. 434
3 .  323 
- 0 . 1 5 5
D e p th
in c h e s
5 . 2 5 00.000
2 .3 0 1
2 . 7 7 4
0.163
. . . . . . . . . . . . . . . . . . . . . . . . . .  vo iu sse  V o ju n e
Flow R o u t i n g  C c r . t i n u i t y  a c r e - f e e t  10*6  g a l
Dry W e a th e r  I n f l o w ................ 0. -300 O.COO
Wet W e a th e r  I n f l o w    5 0 . 4 3 4  1 6 . 4 3 5
G r o u n d w a t e r  InElc-w ................ 0 . 0 0 3  O.COO
R P II  I n f l o w  ..................................  0 . 0 0 0  O.COO
E x te rn a l  Inflow   6 . 1 3 4  1 . 5 9 9
E x t e r n a l  O u t f l o w   5 4 , 3 9 2  1 7 .7 2 5
I n t e r n a l  O u t f l o w .....................  0 . C 0 0  O.COO
S t o r a g e  D s e a e s    0 , 0 0 0  0 , 0 0 0
I n i t i a l  S t o r e d  V a lu e *  . . . .  3 . 1 1 9  0 . 0 3 9
F i n a l  S t o r e d  v o lu e a :  .............  2 .  334 0 .7 5 1
C o n t i n u i t y  E r r o r  l i t  ..........  - 0 . 0 1 7
l 4 4 S 4 a » i f l 6 f i 6 > « 4 l t 4 4 4 S 4 > * 4
? i s t e - 3 t< ip  C r i t i c a l  F le m ir n t s
ii r .fc  C - 2 1
U n k  C -65  i X . 17*}
H i g h e s t  F lo w  I n s t a b i l i t y  I r . i e x e s  
• * « * « • • « * * * # • • * * • * * • * « * * « * • * « • * •
L i n k  C -2 1  (2)
L i n k  C-2-3 (1)
105
R o u t i n g  Time S t e p  Siunnary
KAnissim Time S t e p  
A v e n g e  Time S t e p  
Haxitmm Time S t e p  
P e r c e n t  i n  s t e a d y  S t a t e  
A v e ra g e  i t e r a t i o n s  p e r  s t e p
0,.5 0 J«C
0..99
t . .0 0 9«C
0..00
2 .05
3 u b c i t c h J = * n t  R u r . c f f  Summary
SubcaLehJTiervt
T o c a l
P r o c i p
i n
T o t a l
Runon
i n
T o t a l
Evap
ir .
T o t a l
m i l l
i n
T o t a l  
a u n o  a  
i n
T o t a l  
R v n o t t  
ID * 6 g e l
Peak  
R u n e t f
c r s
R u r .o t f  
C oer  t
SI 5 . 2 3 0 .  00 c . c o 2 .2 8 2 .5 8 0 . 5 6 1 6 . 3 3 0 . 4 9 2
SlO 5 . 23 S.CO c . c o 2 . 2 3 2 . 7 0 0 .  4[ 1 4 . 3 1 0 . 5 1 5
s i : 5 . 2 5 O.CO c . c c 2 . 2 1 3 .0 3 0 .2D 6 . 7 9 0 . 5 7 8
S1Z 5 . 2 5 O.CO o . c o 2 . 3 8 2 . 2 2 0 . 4 7 1 8 . 7 9 0 . 4 2 3
515 5 . 7 S 0 . 0 0 o . c c 2 . 1 9 3 .0 5 0 .4 1 1 3 , 3 6 0 .5B 2
S14 5 . 2 5 0 . 0 0 3 . 0 0 2 . 1 6 3.CB 0 . 2 2 7 , 0 5 ■3.5B6
S15 5 . 2 5 3 . 0 0 3 . 0 0 2 - 0 2 3 .2 2 0 . 4 6 1 5 . 1 0 •0-614
516 5*25 0 . 0 0 3 . 0 0 2 . 0 9 3 . 1 6 5 . 4 4 1 3 . 9 1 C .60Z
517 5 . 2 5 0 . 0 0 0 . 0 3 2 . 0 6 3. IB 0 . 2 2 7 .04 C .6 0 6
51* 5 . 2 5 0 . 0 0 0 . 0 0 2 . 1 9 2 . 7 5 0 . 1 5 5 , 0 3 C .S 24
S19 5 . 2 5 0 . 0 0 G .0 0 2 . 1 3 3 .1 2 C. 18 6 . 1 9 0 . 5 9 4
52 5 . 2 5 0 . 0 0 0 . 0 0 2 . 1 5 2 . 3 4 C .6 3 2 2 . 7 0 0 . 4 4 6
Z7C 5 . 2 5 c . o o 0 . 0 0 2 . 1 . 3 .1 3 C .1 7 6 . 3 8 0 . 5 9 6
£21 5 . 2 5 c . o o 0 . 0 0 2 . 6 3 2 . 5 5 C .2S 7 . 4 0 0 . 4 9 6
522 5 . 2 5 c . o o o . o c 2 . 3 2 2 . 9 2 0 . 2 1 0 . 7 7 0 . 5 5 6
523 S . 2S 0.0*0 o . o c 2 . 0 1 3 . 2 3 0 . 2 0 6 .9 4 0 . 6 1 6
32* * 2 j* 0 . 0 0 0 . DC 2 . 00 3 . 2 4 U. 19 e . v  J U . v 1 I5-)E 5 . 2 5 o . c o o . o c 2 , 0 6 3 . 1 3 0 . 5 3 1 7 .1 1 0 . 6 0 6
526 5 . 2 5 O .c o 0 . 0 0 2 , 0 6 3 .1 3 0 . 4 2 1 3 . 8 4 0 . 6 0 6
s r ? 5 . 2 5 o . c c 0 . 0 0 2 . 2 6 2 . 5 8 0 . 3 6 I E . 86 0 . 5 6 3
£28 5 . 2 5 o . c o 0 .  00 2 . 2 1 3 .0 4 0 . 3 6 1 2 . 8 3 0 . 5 7 3
£29 5 . 2 5 0 . 0 0 0 .  DO 2 . 3 6 2 . 3 3 0 . 1 1 3 .7 2 0 . 5 5 0
5 30 5 . 2 S 0 . 0 0 0 . 0 0 2 . 5 6 2 . 3 9 0 .5 4 1 8 . 1 1 0 . 4 5 4
£31 5 . 2 5 0 . 0 0 0 . 0 0 2 .93 2 . 7 7 3 . 5 5 1 5 . 9 4 0 . 5 2 7
£34 £ - 2 5 0 , 0 0 C, 00 2 .60 2 . 3 6 3 . 2 7 3 .6 9 0 . 4 5 0
$35 5 . 2 5 0 . 0 0 0 . 0 0 2 , 3 6 2 . 4 8 0 . 1 3 4.1C 0 . 4 7 3
536 5 - 2 5 0 . 0 0 o . c o 3 . 9 7 1 , 2 9 0 . 1 0 3 . 6 3 0 . 2 4 5
5 3*7 5 . 2 5 0 .  00 o . c o 2 . 9 6 2 .1 1 0 . 0 9 3 . 4 7 0 . 4 5 2
S38 5 . 2 5 0 . 0 0 o . c o 3 .9 9 1 .3 6 0 . 0 5 3 . 9 4 3 . 2 5 9
S39 . 5 . 2 5 0 . 0 0 o . c o 2 .2 1 2 .9 1 a .  :a 4 . 3 3 3 . 5 5 4
54 5 . 2 5 0 . 0 0 o . c o 3 .0 9 1 .9 7 0 . 3 3 1 6 . 7 4 0 . 3 7 6
54C 5 . 2 5 0 .  00 5 . 0 0 2 . 2 8 2.  S3 0 . 1 6 6 . 0 3 0 . 5 3 9
541 5 . 2 5 0 .  oo 3 . 0 0 2 . 6 5 2 . 6 0 0 . 1 2 5 . 0 2 C .4 9 5
S43 5 . 2 5 o . e o 0 . 0 0 2 . 2 3 3 . 0 2 0 . 1 4 5 .6B C .5 7 5
544 5 . 2 5 0 .  oo 0 . 0 0 2 . 2 2 3 . 0 3 0 . 1 5 5 . 7 2 0 . 5 7 7
545 5 . 2 5 0 .  00 C . Ou 2 . 4 3 2 . 8 2 0 . 1 6 4 . 9 5 0 . 5 3 6
546 5 . 2 5 0 . 0 0 C . 0 0 2 . 2 9 2 . 9 6 0 . 2 3 9 . 8 3 0 . 5 6 4
547 5 . 2 6 0 . 0 0 c . c o 2 . 2 4 3 .0 1 0 .C 7 2 . 7 2 0 . 5 7 3
249 5 . 2 5 0 .  00 c . o o 1 .8 7 3 .2 2 0 . 1 4 5 . 7 4 0 . 6 1 3
5$ 5 . 2 5 0 , 0 0 c . o o 2 . 3 8 2 . 5 5 0 . 3 5 1 2 . 3 6 0 . 4 3 5
5SC S .  25 0 . 0 0 c . o o 2 . 2 5 2 . 6 5 0 . 6 6 2 2 . 1 4 0 . 5 0 4
S51 5 . 2 5 0 . 0 0 c . o o 1 . 8 8 3 . 3 6 0 . 2 5 9 . 9 7 0 . 6 4 1
553 5 . 2 5 0 .  00 o . o c 2 . 3 7 2 . 6 7 0 . 2 1 6 . 8 8 0 . 5 4 7
S54 5 . 2 5 0 . 0 0 o . o c 2 . 2 6 2 . 9 9 0 , 2 0 6 . 6 3 0 . 5 6 9
£35 5 . 2 5 0 . 0 0 0 .  oc 2 . 2 9 2 . 5 5 0 . 2 2 7 . 1 5 0 . 5 6 3
556 5 . 2 5 0 . 0 0 o . o c 2 . 0 5 3 . 1 9 0 . 4 4 1 4 . 6 7 0 . 6 0 8
5S7 5 . 2 5 0 . 0 0 o . o c 1 . 6 6 3 . 3 6 0 . 2 3 7 . 5 2 0 . 6 4 0
S5fi 5 . 2 5 0 .  50 o . o c 1 . 8 7 3 . 2 7 C.17 5 ,6 1 0 . 6 4 2
36 5 . 2 5 0 . 0 0 0 . 0 0 2 . 4 6 2 . 4 7 C .4 0 1 3 ,5 2 0 . 4 7 1
5 50 5 . 2 5 0 .  30 0 . 0 0 2 . 1 4 3.C9 0 .2 9 8 . 5 7 0 . 5 8 9
551 3 . 2 5 C , 00 0 . 0 0 2.C7 3 . 1 7 0 . 2 6 7 .B 9 0 . 6 0 4
5 62 5 . 2 5 c . c o 0 . 0 0 2.C4 3 . 2 0 0.2C 6 . 3 4 0 . 6 1 0
£63 5 . 2 5 U. 00 0 . 0 0 2 .  Cl 3 . 2 3 3 .2 4 7 . 5 2 0 . 6 1 5
565 5 . 2 5 o . o c 0 . 0 0 2.1C 3 .1 4 3 .4 2 1 2 .7 2 0 .5 9 B
37 5 . 2 5 3 .  CC 0 . 0 0 2 . 0 1 2.  90 0 . 3 6 13-14 0 . 5 5 2
Sc 5 . 2 5 o . o c 0 . 0 0 2 . 0 4 2 .8 7 0 . 4 1 1 4 . 6 9 0 . 5 4 7
59 5 . 2 5 o . c c 0 . 0 0 2 . 2 2 2 .7 1 0 . 3 8 13 .1C 0 . 5 1 6
106
Mode D e p th  Suncsary
A v e r a g e  Maximum K a x i i x j a  T im e  o f  Max
Mode Type
D e p th
T c e t
D e p t h
P e e r
HGU
F e e t
Occu
d a y *
r r « n c *
h r  - .Kin
J1D JUNCTION I .  14 1 1 . 9 7 1 2 . 7 5 0 1 3 : 0 3
J 1 2 JUNCTION 1 . 2 7 1 2 . 0 1 1 2 . 6 1 0 1 2 : 0 2
-U3 JUNCTION 1 , 3 9 1 2 . 0 7 1 2 . 5 0 0 1 2 : 0 2
m JUNCTION 1 . 4 3 1 2 .  C7 1 2 . 4 5 0 1 2 : 0 2
J15 JUNCTION 1 . 5 5 1 2 .  0 9 1 2 . 2 9 0 12:C 'l
j ; e JUKCTJON i .  €9 1 1 . 9 6 1 2 . 0 2 0 12: Cl
J 1 7 JUNCTION 1 . 7 7 1 1 . 6 6 1 1 . 6 2 0 12 :  C1
j ; g j u a c t i o n 1 . 3 1 11 .  S3 1 1 . 7 4 0 1 2 : 0 1
J t  9 JUNCTION 1.  3D 1 1 . 7 3 1 1 . 5 4 0 1 2 : 0 1
J2Q JUNCTION 1 . 9 4 1 1 . 7 0 1 1 . 4 7 0 1 2 :0 1
J21 JUNCTION 2 . 0 5 1 1 . 5 9 1 1 . 2 3 0 1 2 :0 1
J22 JUNCTION 2 . 0 5 1 1 , 5 3 1 1 . 2 2 0 1 2 :0 1
J23 JUNCTION 2 . 0 9 1 1 . 3 9 1 0 . 9 8 0 1 2 : 0 1
J24 JUNCTION' 2 . 0 9 1 1 . 3 5 1 0 . 9 3 0 1 2 :0 1
J25 JUNCTION* 2 . 2 3 n , 2 3 1C. 69 0 1 2 :0 1
J2 6 JUNCTXCt* 2 . 2 4 1 1 . 1 4 1 0 . 5 5 9 1 2 : 0 1
J37 j u n c t i o n 1 . 5 5 1 0 . 1 9 1 0 . 2 6 0 1 2 : 0 1
J2B JJNCTIOCf 2 . 5 2 1 1 . 1 3 1 0 . 1 9 c- 1 2 :0 1
J2 9 JUNCTION 2 - 4 6 1 0 . 7 4 3 . 8 6 £ 1 2 :0 1
230 JUNCTION 2 . 4 4 5 0 . 6 3 9 . 7 6 8 1 2 :0 1
232 JUNCTION 3 . 2 1 9 . 6 2 7.9i« 0 1 2 : 0 0
J33 JUNCTION 3 . 4 ; 5 . 7 9 7 . 6 6 0 1 2 : 0 0
J34 JUNCTION 3 . 5 5 3 . 3 0 7 . 2  2 3 1 2 :0 1
235 JUNCTION 3 . 6 7 8 . 7 4 6 . 5 2 0 1 2 :0 1
J3C JUNCTION 3 . 7 £ 8 . 3 7 € . 0 5 0 1 2 :5 1
237 JUNCTION 3 . 8 5 7 . 5 1 5 . OS a 1 2 :3 1
238 JUNCTION 4 . 1 4 6 . 9 1 4 . 1 3 0 1 2 : 0 2
24 JUJ2CTION 0 .  61 1 1 . 3 2 1 2 . 0 3 a 1 2 : 0 2
140 JUNCTION 0 . 1 6 4 . 7 1 1 1 . 2 6 0 1 1 :5 S
241 JUNCTION a . : « 4 , 7 ? * 77 0 1 2 :0 1
24 2 JUNCTION 3 . 5 1 € . 2 9 * ’ ?$ 0 1 2 : 0 1
24 3 JUNCTION 3 . 3 7 6 . 0 2 9 . 6 0 0 1 2 : 0 1
24 4 JUNCTION 3 . 4 0 5 . 5 7 9 . 2 2 0 1 2 : 0 1
24 5 JUNCTION 0 . 3 9 5 . 6 8 9 . SB 0 1 2 : 0 0
24 6 JUNCTION a . 31 5 . 6 3 8 . 6 2 c 1 2 : 0 0
34 7 JUNCTION 0 . 3 3 6 . 1 7 8 . 4 1 0 1 2 :0 1
J 4 8 JUNCTION 0 , 9 0 7 , 2 7 B . 0 3 0 1 2 : 0 0
J 4 9 JUNCTION 0 . 1 7 5 .  75 13.  36 0 1 2 : 0 1
350 JUNCTION 0 . 4 1 S . 3 0 1 3 . 9 6 0 1 2 : 0 1
J5 2 JUNCTION 0 . 2 5 5 . 9 2 1 3 . 3 4 0 1 2 : 0 1
J 5 4 JUNCTION 0 .  14 3 . 9 6 1 2 . 6 6 0 12 :  C-3
JSS JUNCTION 0 . 2 1 4 , 5 5 1 2 . 6 3 0 1 2 : 0 3
J 5 7 JUNCTION 0 . 3 0 5 . 7 8 1 2 . 2 3 c* 1 2 : 0 2
J  59 JUKCrrCN 0 . 3 7 6 . 0 3 1 2 . 1 7 £ 1 2 :0 2
J 5 9 JUKCT1C# 0 , 5 0 6 . 2 1 1 2 . 0 3 c 2 2 :0 2
36 JUNCTION 0 .  70 1 1 . 4 9 1 2 . 9 3 0 1 2 : 0 3
360 JUNCTION 0 . 6 6 6 . 3 5 1 2 . OC 0 1 2 : 3 2
J61 JUNCTION 0 . 5 9 £ . 2 2 1 1 . 9 3 0 1 2 : 3 2
J$ 2 j u n c t i o n 0 ,  55 £ . 0 1 1 1 . 7 1 0 1 2 : 3 2
363 JUNCTION 0 . 5 4 5 . 9 7 U  .6 7 0 1 2 : 0 2
364 JUNCTION 0 . 3 6 5 . 5 2 l i . l ? 0 1 2 : 0 2
363 JUNCTION 0 . 3 9 6 . 1 6 1 1 . 1 1 0 1 2 :0 1
37 JUNCTION D.fifi 1 1 . 73 1 2 . 5 1 0 1 2 :0 3
33 JUNCTION 0 . 9 9 1 1 . 8 3 1 2 . 8 8 0 1 2 : 0 2
J9 UNCTION 1 . 0 9 1 1 . 9 4 1 2 . 7 9 0 1 2 : 0 3
C'JS 1 OUTFALL 4 . 1 7 3 . 4  6 2 .5 8 I 0 3 : 0 0
31 STORAGE 3 . 3 3 8 . 0 3 1 4 .4 4 0 1 2 : 0 5
32 STORAGE C .3 7 1 0 . 2 1 1 3 . 2 9 0 1 2 : 0 2
J 3 STORAGE C . 3 9 10 .  36 1 3 . 2 7 0 1 2 :0 2
231 STORAGE 2 .  89 1 0 . 1 3 8 . 7 6 D 1 2 :0 1
239 STORAGE 0 . 1 C 2 . 4 6 1C, 21 Z‘ 1 2 : 0 3
25 STORAGE 0 .  55 1 1 . 3 9 1 3 . 0 0 * 1 2 : 0 3
251 STORAGE 0 . 3 4 6 . 0 5 2 0 . 5 7 -* 1 2 : 0 1
256 STORAGE 0 . 2 ? S . 26 1 2 . 4 4 r 12 :C3
211 STORAGE 1 . 2 4 1 1 . 9 6 1 2 . 6 2 0 12 : 02
35 3 STORAGE 0 . 1 8 3 .8 1 1 2 , 7  C a 12 : C-3
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Node I n f l c w  Suox&ary
Node Type
» i x ; s i a  
l a t e r a l  
i n f l o w
CTSs
K a x lsu ia
T o t a l
I r . i l o w
CFS
Time o f  Max 
o c c u r r e n c e  
c a y s  h r t n u n
L a t e r a l  
I n f lo w  
Vclume 
1 0 - 6  9*1
To l a !  
X r . f low  
v o lu m e  
1 0 - 6  g a l
J 1 0 JUNCTION 5 4 . 1 3 5 1 8 . 9 2 0 1 2 : 0 5 0 . 4 1 4 4 . 1 5 0
J 1 2 JUNCTION 1 8 . 7 9 5 4 2 .6 1 0 1 2 : 0 5 0 .4 6 7 4 .8 9 8
J 1 3 JUNCTION 1 3 . 3 6 1 5 1 . 1 5 0 1 2 : 0 5 0 . 4 1 1 5 . 3 2 4
J14 J0NC7IC** 7 .  05 1 5 5 . 6 2 0 1 2 : 3 5 0 . 2 2 2 5 .5 6 2
J15 JUNCTIC** 1 5 .  : o 1 6 4 . 9 5 0 1 2 : 3 5 C .4 6 1 6 . 3 5 7
J i g JCKCTXCN 5 3 . 9 1 1 7 3 ,6 1 0 1 2 :  C5 C .4 3 7 € . 5 3 7
J 1 7 JCVCTICti 7 . 0 4 1 7 7 .3 7 0 1 2 : 0 5 0 . 2 1 7 6 . 7 8 9
JL8 JUNC7ICN 5 .C 3 1 8 1 . 1 3 c 1 2 :0 5 0 .149 6 . 9 6 9
j :9 JtmZTlCN 6 . 1 9 1 6 4 .7 5 0 1 2 :0 5 0 . 1 7 6 7 . 1 7 3
J 20 j u m i t i c k 6 .C 8 1 6 9 .3 8 0 1 2 : 0 4 C .1 7 0 7 . 3 7 6
J21 j u n c t i o n 7 . 3 9 1 9 3 .4 9 0 1 2 :0 4 C .2 4 6 7 . 6 5 2
J<2 JUNCTION 6 . 7 7 1 9 9 .0 1 a 1 2 : 0 4 0 . 2 1 0 7 . 8 9 1
J23 JUNCTION 6 . 9 4 2 0 2 . 3 0 0 1 2 : 0 4 0 , 2 0 0 8 . 1 2 5
J2< j u n c t i o n 6 . 7 3 2 7 8 , 2 5 0 1 2 : 0 4 0 . 1 9 1 1 1 . 2 2 5
J2 5 JUNCTION 1 7 . 1 1 2 8 3 . 7 2 0 1 2 :0 4 0 . 5 2 5 1 1 . 7 9 5
J2  £ JUNCTION 13.  34 2 9 3 . 2 6 0 12 :  D3 0 .  425 1 2 . 2 4 7
J2T JUNCTION 1 0 . 3 6 3 0 7 .3 1 0 1 2 : 3 3 0 . 3 5 9 1 2 . 6 3 6
J  29 JUNCTION 1 2 . 3 3 3 1 3 .4 4 0 1 2 :  DO 0 . 3 6 5 1 3 , 0 3 5
J 2 3 JUNCTION 3 . 7 2 3 2 3 .1 5 a 1 2 : 0 0 D .109 1 3 . 1 8 5
J 3 0 JUNCTION 1 8 . 1 1 3 4 1 . 2 6 a 1 2 :  CO 0 . 5 3 7 1 3 .7 9 C
J 3 2 JUNCTION 0 . 0 0 4 1 5 . 0 4 a 12 :C2 2 . 0 5 0 1 6 . 9 6 8
J 3 3 JUNCTION o . o c ♦ 1 5 . 2 2 a 1 2 : 0 2 3 . 0 5 0 1 7 . 1 3 9
J34 JUNCTION 9 .  69 4 2 2 . 5 6 0 1 2 : 0 2 2 . 2 7 3 1 7 . 7 2 *
J 3 5 JUNCTION 4 .1C 4 2 6 .3 1 s 1 2 : 0 2 ■3,125 1 6 . 2 3 4
J 3 6 JUNCTION 3 . 6 3 ♦ 2 9 . ?S 0 1 2 : 0 2 C.10Q 1 6 . 7 0 4
J 3 ? JUNCTION 3 . 4 7 4 3 2 . 4 4 0 1 2 :0 2 C . 095 1 9 . 1 4 7
o n JUNCTION 1 . 6 4 4 3 4 . 3 6 *3 1 2 :0 2 0 . 0 4 5 1 9 . 5 7 0
J4 JUNCTION 5 6 , 7 4 6 2 . 6 0 0 1 2 : 0 6 0 . 5 2 5 1 . 7 7 4
040 JUHCT i m 6 . 0 3 1 0 . 7 0 0 1 2 : 0 7 0 . 1 6 2 C .2 7 3
J 4 i JUNCTION 5 , 0 2 1 3 . 9 9 0 1 2 : 0 5 0 . 1 2 3 C.38B
J 42 JUNCTION 0 . 0 0 4 2 . 1 8 0 1 1 :5 4 0 . 0 0 0 1 .4  41
J 4 3 JUNCTION 5 . 6 7 4 6 . 3 3 0 1 1 :5 2 0 . 1 3 9 1 . 5 8 0
J 44 JUNCTICK 5 . 7 2 5 0 . 8 9 0 1 1 :5 2 0 . 1 4 6 1 . 7 2 ?
J 45 JUNCTION 4 . 8 9 5 4 . 2 6 0 1 1 :5 2 0 . 1 6 0 1 . 8 9 7
J 4 * JUNCTION S . 83 6 1 . 9 4 0 1 1 :5 2 0 . 2 7 7 2 . 1 6 4
J 47 JUUCT ION' 2 ,  72 64 .01 0 1 1 : 5 7 0 . 0 7 2 2 . 2  37
J48 JUilCT ION 0 . 0 0 6 4 . 1 3 0 1 1 : 5 7 a . s a c 2 . 2 4 3
J4S JUNCTION 5 . 7 4 S . 74 0 1 1 : 5 3 a . 144 0 . 1 4 4
USD JUNCTION 2 2 . 1 3 2 7 . 6 7 0 1 1 : 5 9 3 . 6 5 6 0 .  30G
J52 j u n c t i o n O.CO 30 .96 0 1 2 : 0 1 9 . SCO 1 . 0 5 2
J$4 JlWCTIOtl 6 . 6 3 1 5 .6 7 c 1 2 : 3 6 •3.2C0 0 . 4 2 7
155 JOTCT12N 7 . 1 5 1 9 . 9 3 c 1 2 : 3 6 •3.224 0 -6 4 2
.757 JUKCT2CW 7 . 5 1 4 1 . 2 2 c 1 2 : 0 6 0 . 2 2 7 1 . 3 1 0
J58 JU3CTICN 5 . 6 1 4 4 .3 4 0 1 2 : 0 6 0 . 1 6 ? 1 .  4?8
J59 JUNCTION C.CO 4 4 . 4 3 3 12 ; 10 0 . 0 3 0 1 .4 7 6
j £ JU3PCT2CU 1 3 . 5 1 8 5 . 9 0 3 1 2 :0 7 0 , 3 9 7 2 . 5 3 2
JS 3 JUXCTICW 8 , 5 7 4 9 . 9 5 0 1 2 : 1 0 0 . 2 8 7 1 . 7 6 5
J o l j u n c t i o n 7 , 8 9 5 5 . 7 9 a 1 1 :5 4 ' 0 , 2 5 6 2 . 0 2 0
J 62 JUKCTlCtl 6 . 3 4 6 1 .2 5 0 1 1 :54 0 . 1 9 9 2 . 2 1 9
Jti3 JUNCTION 7 . 5 2 6 7 .6 2 0 1 1 :5 4 0 , 2 3 9 2 . 4 5 9
J § 4 JUKCTICH 0 . 0 0 6 7 .1 4 0 1 1 :53 0 . COO 2 . 4 5 9
J 5 5 JUtiCTlON 1 2 . 7 2 7 8 .2 7 0 1 1 : 5 3 0 . 4 2 4 2 . 8 8 1
J*? JUNCTION l a !  n 9 3 .2 2 c 1 2 :0 6 0 , 356 2 . 8 9 6
JB JUNCTION 1 4 . 6 9 1 0 2 .0 5 0 1 2 : 0 6 0 , 4 1 2 3 . 3 2 3
J9 JUNCTION 1 3 . 1 3 5 1 0 .0 5 0 1 2 : 0 6 0 . 3 7 6 3 . 7 1 6
o u c i GUTPAIL 0 , 0 3 4 3 5 , 2 5 0 1 2 :0 2 0 .  DOC 1 9 .7 2 2
J l s t o p a s e 1 6 . 3 2 1 6 .3 2 0 1 1 :59 0 . 5 6 4 0 . 5 8 4
J2 STORAGE 2 2 . 6 9 2 6 . 7 5 0 1 2 :0 8 0 . 6 3 2 1 . 2 3 7
J 3 STORAGE 0 . 0 0 3 9 ,2 8 0 12 :07 o . : c a 1 . 2 4 1
J 3 1 * STORAGE 1 5 . 9 4 3 5 6 .3  5 0 12 :00 C .547 1 4 . 5 4 0
J>9 STORAGE 4 . 3 3 9 .4 4 c 1 2 : SO C -104 0 . 1 1 1
J 5 STORAGE 1 2 . 3 6 6 9 .3 7 c 1 2 :5 6 C .3 4 9 2 . 1 2 2
j s : STORAGE B .6 7 3 6 .7 5 0 1 1 : 5 5 0 . 2 5 3 1 . 0 5 2
j s e STORAGE 14 .67 3 1 .7 1 0 1 1 : 5 5 3 . 4 4 4 1 . 0 3 3
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J L l Stcwmse 6 .  ' 9 1 2 2 . , 2 6 12:  OS 0
j :-3 ST-fUUSE 6 . * 9 1 9 . 8 4 0 1 1 : 5 ? 9
1> I | »  t  I t l
H ede  S u r c h a r g e  Sunsnary 
S u r c h a r g i i i f l  o c c u r s  >-h«n v - t t r r i s e s  a b o v e t h e  cop o f  t h e h i g h e s t  c c r . d u i
Node T ype
H o u rs
S u r c h a r g e d
Ma x . H e i g h ;  
A b o v e  Crawr- 
F e e t
M m .  D e p t h  
Below  R i »  
F e e t
J 1 0 JUNCTION C .4 5 5 . 4 7 4 0 , 3 4 6
J1 2 JUNCTION C . 4 ? 5 . 5 0 8 O .0 1 2
J1 3 JUNCTION C . 49 5 . 5 7 4 1 , 0 9 6
J14 JUNCTION 0 .  49 5 . 5 7 1 1 . 1 4 9
J1S JUNCTION 0 . 5 2 5 . 5 7 7 2 .  C43
J 1 6 JUNCTION 0 . 5 2 5 . 4 6 5 1. 6 0 S
J17 JVNCTI ON 0 . 5 2 5 . 3 6 1 2 . 3 5 9
JIB JUNCTION 0 . 5 2 5 . 3 2 3 2 . 4 5 1
J 1 9 JUNCTION 0 . 5 2 5 . 2 3 2 2.4C B
J2C JUNCTION 0 . 5 2 5 . 2 0 0 2 - 2 9 0
J21 JUNCTION 0 . 4 4 4 . 5 B 5 2 . 1 1 5
J22 JUNCTION 0 . 4 4 4 . 5 7 5 2 . 1 3 1
223 JUNCTION 0 . 4 4 4 . 3 3 0 1 .  920
224 JUNCTION 0 . 2 9 2 . 8 0 3 1 . 9 4 7
J25 JUNCTION 0 . 3 8 3 . 7 2 8 1.  912
J2 6 JCHCTION 0 . 3 7 3 . 6 3 6 1 . 5 5 4
J21 JUNCTION 0 . 3 0 2 . 6 8 6 1. 954
J2 3 j u h c t i  oh 3 . 3 8 3 . 6 3 1 2 . C 6 9
J2 9 JUHCTI C .3 6 3 . 2 4 3 3 . 4 1 7
J3 0 JUNCTI-Of C . 3 6 3 - 1 3 3 3 . 5 4 7
J3 2 j t m c T i o t 0 . 2 4 1 . 6 2 5 8 . 0 2 5
J3 3 JUKCTI CM 0 . 2 6 1 ,73C 7 .7 5 Q
J3 4 JUNCTION 0 . 2 1 1 . 3 0 4 7 .  836
J3 3 JUNCTION 0 . 3 8 0 . 7 4 3 5 . 5 7 ?
J3S ju n c t i o n 0 . 1 0 C .3 7 4 6 , 7 7 6
J4 JUNCTION 0 . 4 8 5 . 3 2 1 1 . 0 5 9
J4 0 JUNCTION 0 . 1 5 2 . 2 6 5 2 . 3 9 5
J41 JUNCTION 0 . 2 2 1 . 7 7 3 4 , 4 2 7
J42 JUNCTION 0 . 2 4 1 . 3 4 1 4 . 8 0 9
J 4 3 JUNCTION 0 . 3 0 2 , 5 2 2 4 .5 9 8
J44 JUNCTION 0 . 3 0 2 . 4 7 3 5 .  C2 7
J 4 5 JUNCTION Q. 30 2 . 3 8 5 S .  26$
216 JUNCTION 0 . 2 2 1 . 6 8 1 6 . 2 5 9
J4T JUNCTION 0 . 3 0 2 . 1 7 0 6 . 4 5 3
J4B JUNCTION 0 .51 3 . 2 7 1 7 , 7 7 9
249 JUNCTION 0 , 5 0 3 . 7 6 1 I .6 6 9
330 JUNCTION 0 . 5 7 4 .D 5 5 2 . 2 9 5
. 5 2 JUNCTION 0 .3 4 2 . 5 2 2 3 . 2 5 3
234 JUNCTION 0 .1 4 1 , 4 5 8 1 . 6 1 2
J 5 5 j u n c t i o n 0 . 1 5 1 . 5 4 9 i . a i 2
m JUNCTION 0 .1 7 1 . 7 7 7 2 . 2 2 3
J5B JUNCTION 0 .2 1 7. .03C 2 . 1 2 0
JS 9 .JUNCTION 0 -2 3 2 .2 C 9 1 . 9 2 2
JS JUHCTION 0 . 3 5 4 . 9 6 9 o ; o n
J3 5 JUNCTION 0 . 2 4 2 . 3 5 3 2 . 0 9 7
J€1 JUNCTION 0 .2 3 2 . 2 2 1 1 . 8 2 9
3€2 JUNCTICK 3 . 2 1 2 . 0 0 6 1 ,?G4
J63 JUNCTICtf 0 .2 C 1.  36€ I  -*T34
2S4 JUNCTION C .1 9 1 . 5 2 2 1 .**28
265 JUSCTICK C>19 1 . 6 1 1 1 .9 8 9
32 JUKCTICH C . 4 2 5 . 2 3 0 0 . 0 9 0
36 JUKCTICH Q .44 S . 3 7 g 0 . 1 4 2
J 9 JUKCTICH 0 . 4 5 5 , 4 4 2 C .6 0 8
j : STORAGE 0 , 6 2 6 . 2 6 1 1 .6 1 9
J2 STORAGE 0 . 3 3 5 . 2 2 9 1 .9 4 1
J3 STORAGE 0 . 4 0 5 . 3 6 2 1 .8 5 8
J 3 . STORAGE 0 . 3 5 2 . 6 2 6 € . l ' , A
J3 9 STOPAGE 0.C 3 0 . 4 6 5 2 . 8 9 5
J5 ST05UVGE 0 . 4 3 5 . 3 9 1 0 . 0 : 9
J51 STORAGE D.3S 3 .D 51 2 . 4 9 9
J5  5 STORAGE 3 . I t i . 775 1 .2 7 2
.11 ; STORAGE 0.  47 5 . 4 7 5 D .0 3 5
4 . 3 9 3
0 . 2 2 1
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C -J CONDUIT 5 2 . ? ? 0 1 2 : 0 6 2 . 6 9 C.4G 1 , 0 0
C -30 CONDUIT 1 4 1 , 0 4 Q 1 2 : 0 0 7 . 7 2 1 . 4 4 1 . 0 0
C-31 CONDO IT 3 2 5 , 1 3 0 1 2 : 0 2 7 . 3 6 1.6C 1 . 0 0
£ -3 2 CONDUIT 3 2 2 , 7 8 0 1 2 : 3 ? c . 42 0 . 4 9 1 . 0 0
£ - 3 3 CONDUIT 3 2 2 . 4 7 0 1 2 :C 2 5 . 4 2 2 . 0 3 1 . 0 0
£ -3 4 CONDUIT 3 2 8 . 6 3 O 1 2 : 0 2 5 . 5 4 2 . : e I .  00
£ - 3 5 CONDUIT 3 3 1 . 4 4 0 1 2 : 0 2 6 . 5 9 2 - 2 3 i .C O
£ - 3  6 CONDUIT 4 2 9 , 7 8 0 1 2 : 0 2 8 . 6 3 2 .  85 0 . 5 ?
£ - 3 7 CONDUIT 4 3 2 . 6 3 D 1 2 : 0 2 9 . 0 8 l . ? 9 0 . 9 0
C-3 8 CONDUIT 4 3 5 . 2 5 0 1 2 : 0 2 1 0 . 5 0 3 . 9 5 0 . 7 6
C-3  9 CONDUIT 7 . 6 0 0 12 :0 c 3 - 6 2 0 . 6 1 1 . 0 0
C-4 CONDUIT 6 2 . 6 2 9 1 2 : 0 6 2 . 6 4 0 . 6 7 l.OC
C-40 CONDUIT 1 1 . 5 3 O 1 2 : 0 9 4 . 6 4 0 . 5 3 1 . 0 0
C -41 CONDUIT 1 5 . 0 4 O 1 2 :1 C 4 . 2 0 C. 41 1 .CO
C-42 CCKDC IT 4 2 . 0 9 O 1 2 : 0 5 5 . 9 5 I .  11 1 . 0 0
C -1 3 CONDUIT 4 5 . 8 1 0 1 1 : 5 2 5 . 2 6 1 . 1 8 1 . 0 0
C- 4 4 CCNDCIT 5 0 . 0 3 0 1 1 : 5 2 6 . C l 1 . 7 8 1.  00
C -4 5 CONDUIT 5 3 . 3 2 a U ; 5 2 7 , 1 3 1 . 3 8 1 . 0 0
C -4S CONDUIT 6 1 . 4 0 0 1 1 : 5 7 8 . 2 6 0 , 5 7 i . c o
C-47 CONDUIT 6 4 . 1 3 0 1 1 : 5 7 B .1 8 C . 53 I .  00
C-4B CONDUIT 6 4 . 1 5 Q 1 1 : 5 7 8 . 5 9 C. 65 i . c o
C -4 9 CONDUIT 5 . 7 4 0 1 2 : 0 0 1 , 8 3 0 .5 C 1 . 0 0
c - s CONDUIT 7 6 , 6 6 0 1 2 : 0 7 2 . 7 8 0 . 4 6 • 1 . 0 0
C-SQ CONDUIT 2 7 . 6 9 0 1 1 :  59 7 . 0 1 2 .  38 1 . 0 0
£ -5 1 CONDUIT 3 0 . 6 6 0 1 2 :0 1 4 . 4 3 1 . 3 3 1 . 0 0
£ - 5 2 CONDUIT 3 0 . 5 6 0 1 2 : 3 2 4 , 3 ? 0 . 6 1 1 . 0 0
C-S 3 CONDUIT 1 1 . 9 8 0 1 1 : 5 9 3 . 1 9 0 . 6 0 i . c o
C-S4 CONDUIT 1 5 . 9 5 0 12 ;0 5 4 . 3 1 0 .  33 i . c o
C-55 CONDUIT 2 1 . 7 0 0 1 2 : 0 9 3 . 5 9 0 .  £4 I .C O
C -5 6 CONDUIT 3 7 . C2 0 1 2 : 0 6 3 . 8 7 0 . 6 4 I .C O
C-S7 CONDUIT 4 1 . 2 5 0 2 2 : 0 6 2 . 4 5 0 . 4 6 1 .CD
C-5»3 CONDUIT 4 4 . 4 3 0 12 :1 0 3 . 6 2 0 . 7 2 1 , 0 5
C -5 9 CONDUIT 4 5 .  48 0 1 2 : 1 0 3 . 6 3 0 .  50 1 . 0 0
C-6 CONDUIT 3 5 . 3 7 0 1 2 : 0 7 2 , 5 9 0 . 4 0 l.OC
C-6C CONDUIT 5 0 . € 8 0 1 2 :1 C 4 - 0 6 0 . 6 ? I.OC
C-61 CONDUIT 5 5 . 3 6 0 1 1 : 5 4 4 . 3 4 1 1 . 9 4 l .O C
C-62 CONDUIT 6 0 . 7 1 0 1 1 : 5 4 S . 56 5 . 3 4 ; . o c
£ - 6 3 CONDUIT 6 7 . 1 4 c 11 : S3 e .  27 3 - 3 0 1 . 0 0
C-6« CONDUIT 6 6 . 3 6 0 1 2 :  *1 3 . 1 2 0 . 3 1 1 , 0 0
C- 65 CONDUIT 7 7 . E 6 0 1 1 : 5 3 9 . 8 9 1 . 2 5 1 . 0 0
C-3 CONDUIT 3 3 . 2 6 0 1 2 : 0 6 2 . 8 1 0 .  34 1 , 0 0
C-6 CONDUIT 1 0 2 . 0 3 a 1 2 : 0 6 3 . 0 7 0 . 6 7 1 , 0 0
C-9 CONDUIT . l i C . 38 3 1 2 : 0 5 3 . 3 2 C. 71 1 . 0 0
C - 3 2 a CONDUIT 9 2 . 4 5 3 1 2 : 0 2 4 . 7 1 0 .  49 1 . 0 0
C -3 3 a CONDO IT 9 2 . 3 9 3 1 2 : 0 2 4 . 7 1 2 . 0 4 1 ,  00
C—34a CONDUIT 9 4 . 1 6 ■3 1 2 : 0 2 4 . 8 3 2 . 1 7 I - 00
C“ 15* CONDUIT 9 4 . 8 6 0 1 2 : 0 2 5 . 0 1 2 . 1 0 1 . 0 0
C~31a CONDUIT 2 8 - 4 2 n U  :0 2 4 , 0 2 1 . 6 1 1 . 0 0
tic-w v i a s s i r i c a c i c n  &uncsary
A d j u s t e d ---- F i dC t i e r i  o f T i n e  i r, f l ow C l a s s ------ Avg. Avg.
/ A c t u a l Up Down Sub sup Up Down Fraud* PICK
C o n d u i t Length Dry Dry Dry c n t C n t C c i t C n t Nunber Change
c - i 1 . 00 3.  CO O.OC 3.  03 0 . 02 c . c o 0,00 O.OB 0 ,7 6 c . c b a i
C-10 i . o o C.CO o . o c 0.  33 1 .>3 c . c e C.OO 0 , 0 0 0 . 1? Z , C 000
o n 1.00 C.CO o . o c 0 . 0 3 1 .30 c . o o 0 . 0 0 0 . 0 3 u.  16 G.COOO
0 1 2 1.  00 o . c c o . o c 3 -33 ! . - < c . o o 0 . 3 0 0 . 0 3 0 . 1 6 Q.OOOO
C-13 1 . 00 o . c c o . o c 3.  33 1.  >3 c . o o 0 . 3 0 0 . 0 0 0-16 3 . 0 COO
0 14 ; .00 o . c o o . o c 3.  33 1 . 30 c . o o 0 . 0 0 0 . 0 0 C-13 O.UCOQ
0 1 5 1 . 00 o . c c 0 . 0 0 c . Co 1 . >3 0 , 00 0 .DO 0 . 0 0 C . 12 3 .O&OQ
0 1 6 1 . 30 o .o c 0 . 0 0 C.OO 1.30 c . o o 0 . 0 0 0 . 0 0 C 11 3.0300
C-17 1 . 30 o . o c 0 . 0 0 3 . 0 3 1 . 30 c . o o 0 .00 0 . 30 U, 10 2 . 0 ZOO
C-10 1 . 30 o . o c 0 ,  00 $.<K 1 .-DO 0 . 00 0 . 0 0 O.OC Q.09 3 . 0 300
0 1 9 1.30 c . o o o . o c C.OO 2 .00 3 . 00 0 . 3 3 O.OC 3 . 0 9 0 . 0300
0 2 1. 3C •1. 00 0 .  00 3 .0 0 C .90 3.01 0 . 0 3 0 . 00 a .  e i C.OCCO
0 2 3 1.  30 0 . 0 0 0 .  DO 3 .00 2 .CO 0 . 00 O.CO 0 .03 0 . 08 c . o c c o
0 2 1 1.30 0 . 0 3 0 . 0 0 O.OC 1.00 3.00 0 .0 0 O.CO o . c e C.0CC4
0 2 2 I.CO 0 . 0 0 o . c o O.OC 1.00 O.OC 0 . CO O.CO 0.08 0.0C02
0 2 3 i . c o 0 . 0 3 o . c o o . o c : .  co 0 . oc D. OC 0. CO 3.08 O.DUO’
0 2 4 1 .CD 0 . 0 0 o . c o o . o c : .oo ■3 . OC j  . DC 0.  CO 3.  10 0 . 500
I l l
C - I 5  1 . 0 0  O.CO O.CO
C - 2 6 1 . 3 0  O.CO O.CO
C - 2 ?  1 . 3 0  O.CO 0 . 0 0
C -2 9  1 . 0 0  0 . 0 0  0 . 0 0
C -2 5  1 . 0 0  3 . 0 0  0 . 0 0
c - 3  i . oo e . o e  o . o i
C-3C 1 . 0 0  C.OC 0 . 0 3
C - J l  1 . 0 0  0 . 0 3  0 . 0 3
C -3 2  1 . 0 0  0 . 0 3  0 . 0 0
C -3 3  I . C O  0 . 0 0  O.OC
C -3 4  I .C O  0 . 0 0  O.OC
C - 2 5  l .O C  0 . 0 0  O.OC
C - 3 6  l .O C  O.OC 0 . 0 0
C - 3 ?  l .O C  O.OC 0 . 3 0
C -3 3  1 , 0 0  C.OO 0 . 3 0
C -1 3  l .O C  0 . 3 0  3 . 3 0
C-4  1 . 0 3  0 . 3 0  0 . 1 0
C -4 0  1 . 0 0  0 . 0 0  O.CO
C -4 1  1 . 0 3  O.CO O.CO
C -4 2  1 . 0 3  0 . 5 0  O.CO
C - 4 3 1 . 0 3  0 - 3 0  O.CO
C-44  1 . 0 3  0 . 0 0  C.OO
C - 4 5  1 . 0 0  0 . 0 0  C.OO
C - 4 5 I.DO 0 . 0 0  C.OO
C -4?  l .O C  0 . 0 0  C.OO
C-4B l .O C  0 . 0 0  0 . 0 0
C -4 9  l .O C  0 . 0 0  0 . 0 9
C -5 l .O C  0 . 0 0  0 . 0 0
C -5 0  1 . 0 0  0 . 0 0  0 . 0 0
C -51  1 . 0 0  0 . 0 0  Q.OO
C-52- 1 , 0 0  0 . 0 3  0 . 0 0
C -3 3  t . 3 0  0 . 0 3  0 . 0 0
C - 5 4 1 . 0 0  0 , 0 3  0 . 0 0
C-51- 1 . 0 0  0 . 0 3  O.OC
C -5 6  1 . 0 0  0 . 0 0  0 . 0 0
C -5 7  1 . 9 0  3 , 0 5  0 . 0 0
C-5B 1 . 0 0  0 . 0 0  0 . 0 0
0 5 5  1 . 0 0  O.OC 0 . 3 0
C -6  I .C O  0 . 0 0  0 . 0 0
C-GO I .C O  0 , 0 0  3 . 0 0
C -5 1  1 . 0 0  C.OO 3 . 0 0
C -6 2  1 . 0 0  C.OO D. 00
C -13  I .GO C.OO 0 . 0 0
C -64  1 . 0 0  C.OO 0 . 0 0
C -4 5  1 . 0 0  C.OO O.DO
C - ?  1 . 0 0  C.OO 0 . 0 0
C - 8  l .O C  C.OO 0 . 0 0
C - 9  1 . 0 0  0 . 0 3  C.3Q
C - 3 2 4  l .O C  0 . 0 0  C.OO
C -3 3 *  l .O C  C.CO C.OO
C -3  4* l .O C  O.CO C . 30
C -3 5 S  1 . 0 0  O.CO C.OO
C - 3  I s  1 . 0 0  O.CO C . 30
C c n d v it  S u r c h a r g e  Sum&sry
 -------------H ours r u .l l
C cr .d u it B oir. sr.da C p a tr e a a
C - l  0 . 4 4  0 . 4 4
C - 1 0  0 . 4 5  0 . 4 5
C-r. 0 . 4 6  0 . 4 6
C - 1 2  0 . 4 ?  0 . 4 ?
C - 1 3  0 . 4 9  0 . 4 9
C - 1 4  0 . 4 3  0 . 4 9
C - 1 5  0 . 5 1  0 . 5 1
C - l f i  0 . 6 2  0 . 5 2
C - l ?  0 . 5 2  0 . 5 2
C - 18 0 . 6 2  0 . 5 2
C - 19 0 . 5 2  0 . 5 2
C - 2  0 . 2 9  0 . 5  9
Q.. DO 1 *00 0..0 3 0 .0 0 0 .00 0 . 1U 0 .OODl
0, .CO 1 .0 0 0 .0 0 0 -CO 0 .00 0 . 1 6 0 .0 0 0 0
0..0 0 0 , 9 9 c . DO 0 -CO 0 .01 0..2 0 0 . c o c o
3. c c i .CO c . .00 0 -00 0 .00 0..0 9 0 . c c c t
3.. CO I .CO 0 .0 0 0 .o c 0 .DO c . I D 0 .0 0 0 1
*3,. 0 0 0 -S3 0..0 0 C,>00 0 .00 a .3 4 0 .o o o o
0. . 0 0 1..CO a, .0 0 c .0 3 c .CO 0 . 0 9 0 .0 0 0 0
0. .0 0 A. . 3 0 c , .0 0 0 .0 0 0 .CO 0 . 0 6 0 . GOOD
o..0 0 1 • DO c . ,00 0..00 0 .CO j  . 0 5 0.. CDQ0
0..o c 1..0 0 0, .CC .OC' 3 .00 0.. 0 5 c . -COOS
0..00 1 .0 0 0. CC a .oc c .03 a .05 c ,. a o o c
0 .0 0 1 .o c 0..00 «3 .DC 0 . oc 0 .0 5 3,.0 0 0 1
0,. OQ i .OQ 0,,03 0..DO a .GC 0 .0 8 3..0 001
0. .0 0 .00 0, .0 3 0,.30 0 .OC 0..3 8 0. . 0003
0. .0 0 I . 03 o ' .00 0..CO 0 ,00 0,.3 9 G,.0001
0 .0 0 0 .02 0. .00 0..CO 0 . 9S 0. .7 2 C,• OCCO
0-.0 0 I . .CD 0..00 0..CO 0 .00 0. . 3 : 0,.0000
0. .€ 0 0..02 0. .00 0..00 0 .98 c. .75 0. .0000
0. , CO 0 .03 D..00 0. .00 0 .97 0. .79 0.,0000
0,.0 0 1 .00 A .00 c . .00 0 .00 0 .2 8 0,.0 0 3 0
a ..CD i .00 0 ..00 0..00 0 .00 Q..4 3 0. .0 0 0 0
2 .0 0 i ,.00 0 . . 00 0. .00 0 .00 ’ 3..4 2 0. .0 00  0
0. .CO 1 ..00 c ..00 e. .00 0, ,00 .6 3 0. . 000 0
A .0 0 0..08 c . .62 d ..GO 0..00 c!.9 5 c . . 000 tr
5!.0 0 0.. 7 5 c . .25 0,.00 D. 00 c ,, 5 3 0. ,0004
c . ■ CO 0..74 c . ■ C2 0..00 D ,23 c , 44 0. . c o o s
0, .0 0 1 .00 G,.00 z ,.00 &,.DO 0, ,03 2. .0 002
G,.0 0 i .0 0 0, .00 C.. o c D..DO 0.. 36 0 ..0 0 0 3
0. . gC I. .00 0. ,00 c . .00 D..30 Q .24 c . .0 0 0 0
0. .oc i . .00 0 . 00 c . no C.,C0 0, ,52 c. . oooo
0, ,00 c. .39 0 , .00 0. ,00 0.■ QO 0. ,2 6 c. .0000
0, ,00 1. CC 0 . ,00 a . .DO 3. .ao Q. 44 0. • OOOO
0, ,00 c..3* 0 . 04 a . ,00 3. .00 0..31 0 . . oooo
0. 00 1..00 0 . .00 0, .00 ,*» 00 0. ,57 0 . oooo
0. .0 0 1..0 0 0 . ,00 0..00 o!,00 u, ,69 0. . 0000
0. ,00 1,,0 0 0*,00 0. .00 0 . 03 0. .57 0. 0000
0. ,00 1.,0 0 0 . DO 0.,00 0 . . a : D..37 0. . DODO
0..00 1..0 0 s . .00 0. ,00 0 , , oc D. 15 0. . o o c c
0. .00 1 . 00 D..00 0. ,30 0 .,00 3 32 D.. o oco
0. CO 1,,oc 0 , , DO 0. ,30 0 . .00 2, 15 D. CO0C
0-.CO i ,.oc o . CO 0,.00 0 . ,00 <2. 21 D. 0033
0. ,00 1, DC Q. CQ 0. .CO 0 , ,00 C.■ 25 D.,0031
0 .00 1 ,DC c . .CO D..CO 0..30 a . 43 0 , 0001
o. .00 0..01 c, no 0. CO 0 . .98 o. 95 •0..0 0 0 0
0 .00 0,,01 0 . .00 V . 00 0 , , 99 i  . 07 A.. o ooo
0 .00 1 , DO Q..00 £ . GC 0 . .30 a . 25 C. DCOC
0. .00 1 , 00 a . ao r G€ 0 . .30 0. ;9 c. ccoc
i.‘ .,00 DO 0 . 30 C , OC 0 . .DO 0 ..13 c . CC0C
D..00 1 , DO 0 . .30 c . 0€ 0 . .CO G. 03 0 . c c o c0..0 0 1 . 00 0. .30 .00 0 . .CO 0, ,03 0 . CG01
0. .00 1 ..00 0 . . 30 0. 02 D.• CO 0. ,03 0, G ta u
c..00 1 ,.00 a . 30 0. 03 0 . .30 G. 03 0 . OOOl
c. .00 T .DO 0 . •30 0, 03 0 . ,00 0 , 02 a . 00&:
H su r a K o u r j
Above* F u l l C a p a c i t y 1
D r.scxear . K e r n e l  Flaw L i n t e d
0 . 4 4 0 .  61 D.2E
0 . 4 5 C-01 O.Ci
0*46 : .  o i D.C9
0 . 4 ? •0.01 : .Q 2
V. 4 9 a . c i D.Q7
0 . 4 9 3 .  C 7 G.07
0 . 5 1 3 .  36 •3.40
C . 52 3 . 4 7 0 .4 6
C .5 ? 3 . 3 4 0 .3 7
C . S2 0 . 4 1 0-44
C.52 0 . 4 2 0 .4 3
C.3  9 0.C1 0 .0 1
112
C-2Q 0 . 5 2 0 . 5 2 0 . 5 2 3 . 4 5 0 . 4 6
C -2 1 0 . 4 4 0 . 4 4 0 . 4 4 3 . 7 5 0 . 3 5
C -2 2 0 .  44 0 . 4 4 0 . 4 4 0 . 8 2 0 . 4 2
C-2  3 0 . 4 3 0 . 4 3 0 . 4 3 0 . 8 9 0 .4 1
C-2  4 0 . 3 9 0 . 3 3 0 . 3 8 0 . 4 8 0 . 3 7
C -2 5 0 . 3 7 0 . 3 7 0 . 3 7 0 . 5 5 0 . 3 7
C -2 6 0 . 3 0 0 . 3 0 0 . 3 0 0 . 0 1 0 .0 1
C -2 7 C . 45 0 . 4 5 0 . 4 5 0 . 0 1 0 .0 1
C -2 8 C .3 6 0 . 3 6 0 . 3 6 1 . 0 0 0 .0 1
C -2 9 C. 36 0 . 3 6 0 . 3 6 1 . 0 7 C.01
C-3 0 , 4 0 0 . 4 0 C . 40 0 . 0 1 C.01
C -3 3 0 . 3 * C. 35 0 . 3 5 0 . 4 4 0 . 3 5
C -31 0 . 3 2 C. 32 0 . 3 2 0 . 5 4 3 . 3 2
C -3 2 0 . 2 4 C .2 4 0 . 2 4 0 . 0 1 3 .0 1
C -3 3 0 , 2 1 0 . 2 1 0 . 2 1 0 . 7 7 0 .2 1
C -3 4 o . : $ 2 . 1 6 0 . 1 6 0 . 8 2 0 . 1 6
C -3 5 c . i o 3 . 1 0 0 . 1 5 C - S3 0 . 1 0
C - 3 6 0 . 0 1 0 . C 1 0 . 0 1 1 . 11 0 .0 1
C -3 7 0 , 0 1 0 . 0 1 0 . 0 1 0 . 6 8 0 .0 1
C-3B 0 . 0 ) 47-03 0 . 0 1 1 . 4 3 0 .0 1
C -3 9 0 . 0 9 0 . 0 9 0 , 0 3 3 . C l 0 .0 1
c - 4 0 . 4 6 0 . 4 6 0 . 4 6 0 . 0 1 0 .0 1
C -4 0 0 . 2 1 0 . 2 1 0 . 2 1 0 , 0 1 o . c t
C-<1 0 . 2 2 0 . 2 2 0 . 2 2 0 . 0 1 0 .0 1
C -4 2 0 . 4 0 0 . 4 0 0 . 4 0 0 . 2 6 3 .01
C -4 3 0 . 3 0 0 .  30 0 , 3 0 0 . 4 3 •3.25
C-44 0 . 3 0 0 ,  50 0 . 3 0 0 .  69 0 . 3 0
C -45 3 . 2 9 0 . 2 3 3 . 2 5 0 . 5 7 0 . 2 9
C -4 6 0 . 2 2 0 . 2 2 0 . 2 2 0 . 3 1 0 .0 1
C-4  7 0 . 3 0 0 . 3 0 0 . 3 0 0 . 0 1 0 .0 1
C-48 0 . 6 3 0 . 6 3 C .6 3 0 . 0 1 0 .0 1
C -4 9 0 . 5 0 0 . 5 0 C .5 3 3 . 0 1 0.01
C -3 C .4 3 0 . 4 3 0 . 4 3 .7.01 0.01
C -5 5 C .53 0 . 5 3 0 . 5 3 0 . 5 2 0.01
c - 5 : C .33 C .  33 0 . 3 3 0 . 4 5 0 ,2 7
C -5 2 C .34 0 . 3 4 0 . 3 4 e . o i 0.01
C-5  3 0 . 1 3 0 . 1 3 □ .13 C.Q1 0 .0 1
C-54 0 . 1 4 0 . 1 4 0 . 1 4 0 , 0 1 0 . 0 1
C -5 5 0 . 1 5 0 . 1 5 0 . 1 3 0 . 0 1 C.01
C -5 5 0 . 1 8 u . 1 8 0 . ; 3 0 . 0 1 c . o :
C-37 0 . 1 7 0 . 1 7 0 . 13 0 . 0 1 C.Cl
C -50 0 . 2 1 0 , 2 1 0 . 2 1 0 . 0 1 0 .0 1
C -5 9 0 . 2 3 0 . 2 3 0 , 2 3 0 .C 1 0 .0 1
C -6 0 . 3 9 0 . 3 9 0 . 3 3 0 . 0 1 3.01
C -6 0 0 . 2 3 0 . 2 3 0 . 2 3 0 . 0 1 3 .0 1
C-61 0 . 2 1 0 . 2 1 3 . 2 1 2 . 4 4 0 .2 1
C-62 0 . 2 0 0 . 2 C 3 . 2 0 2 . 4 6 0 .1 8
C-63 0 . 1 8 0 . 1 8 3 . 1 8 1 . 0 4 0 .1 8
C -64 0 . 1 8 0 . 1 3 0 . 1 6 0 . 0 1 0 .0 1
C -65 0 . 2 9 0 . 2 9 0 . 2 9 D. 49 0 .2 7
C-7 0 . 4 2 0 , 4 2 0 . 4 2 3 .  01 0 .0 1
C-8 0 . 4 4 0 . 4 4 0 . 4 4 3 . 0 1 0 . 0 1
C-9 0 . 4 5 0 . 4 5 C. 45 0 . 0 1 0 .3 2
C-32* 0 . 9 1 0 . 9 1 0 .  91 3-3 ! 0 .3 1
C -3 3 a 0 . 9 6 0 . 9 6 a .  37 1 . 1 6 0 . 9 6
C -3 4 a 0 .9 5 0 . 9 5 0 . 3 5 1 . 2 6 0 . 9 5
C -35* 0 .3 3 0 . 5 3 0 . 9 3 1 . 3 0 0 . 9 3
C -31* 1 4 .6 4 1 4 . 6 4 1 4 . 6 4 0 . 6 2 0 . 6 3
A n a l y s i s b e g u n  or. : Sun Feu 23 2 0 : 2 7 : 4 0  201 4
A n a l y s i s er .de  d  or. : Sun Feb 23 2 0 : 2 8 : 1 4  2014




785 Michelle Drive 
Newport News, VA 23601 
Phone: (757)594-9265 
mshar005@odu.edu
Department o f  Engineering 
2400 Washington Avenue 
Newport News, VA 23607 
Phone: (757)926-8656
City of Newport News
mshabazherv@verizon.net
Education
M. Eng. Civil Engineering, 2003 Old Dominion University 
B.S. Civil Engineering, 1991 Salahadden University 
Professional Experience
2003 -  Present Civil Engineer III, City of Newport News/Department of
Engineering, V irginia -  US A
Analysis, design, preparation of cost estimates and bid packages, and management 
construction of Civil Engineering projects from drainage to roadway and roadway 
projects. Coordination and review of design plans and construction documents were 
prepared by consultants and contractors.
1997 -  2003 Senior Project Engineer, FES, Inc. Virginia, USA
Sub-surface soil investigation analysis, analysis and design o f residential and commercial 
structures. Review and supervise o f laboratory testing results of soil, asphalt and 
concrete. Performed footing inspections of residential and commercials developments. 
Performed proof rolling of roadways and parking area subgrade and sub-base soils.
1991 -  1996 Civil Engineer, KURDS, Kurdistan, Iraq
Prepared survey and quantity survey of development and redevelopment projects.
Analysis, design and management of roadways, schools, hospitals, and sanitation and
water supply projects. Participated in design and management of prefab and emergency
projects.
